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FOREWORD

This guidance document describes a risk-based gsotteat persons responsible for
addressing petroleum releases at petroleum stdeade sites may use to satisfy the
regulations administered by the Tanks Section ef Mhssouri Department of Natural
Resources (MDNR). This process is consistent wiita policies and procedures
discussed by the Groundwater Remediation Rule Istddters group and documented in
their June 200®rocess Document.

This final document is a result of:

. Policies agreed upon, and input received fromsthkeholders group,

. MDNR'’s experience in the management of petroleupeiated sites in Missouri,
. Assistance provided by outside consultants, and

. Review of comments received on the draft document.

IMPLEMENTATION OF MISSOURI'S RISK-BASED CORRECTIVE ACTION
(MRBCA) PROCESS

The MRBCA Process for Petroleum Storage Tanks neaysed at any petroleum storage
tank site. Persons conducting investigations ofipeliscovered releases are encouraged
to use this guidance.

REVISION OF FEBRUARY 2004 AND MARCH 2005 MRBCA TANKS
GUIDANCE

This October 17, 2013, version of the MRBCA ProckssPetroleum Storage Tanks
guidance document replaces the following guidantehe Department of Natural
Resources:

* February 2004,Missouri Risk-Based Corrective Action Process for Petroleum
Sorage Tanks guidance document, as amended March 8, 2005Nbyce of
Modifications to the Process and Interim Guidance Pertaining to Application of the
New Soil Type Dependent Tier 1 Risk-Based Target Levels, March 18, 2005 Soil
Type Determination Guidelines; March 3, 2005, Table 3-Default Target Levels;
April 2005, Table 4-1%0il Concentration Levels to Determine the Need for
Groundwater Evaluation During Tank Closure; February 2005, Tables 7-1(a) through
7-12(c) Tier 1 Risk-Based Target Levels; and theilA, 2005,Soil Gas Sampling
Protocol.

DEPARTMENT WEBSITE FOR IMPLEMENTATION OF MRBCA

This document is available on the web at:
http://dnr.mo.gov/env/hwp/tanks/mrbca-pet/mrbcatpaks.htm

MRBCA Guidance Document ii October 17, 2013



ACRONYMS

API American Petroleum Institute

AST Aboveground Storage Tank

ASTM American Society for Testing and Materials

AUL Activity Use and Limitations

BTEX Benzene, Toluene, Ethylbenzene, and Xyletotal}

bgs Below Ground Surface

cfs Cubic Feet per Second

CAP Corrective Action Plan

cocC Chemicals of Concern

CERCLA Comprehensive Environmental Response, Cosgtiem, and Liability
Act

CFR Code of Federal Regulations

CSR Code of State Regulations

DAF Dilution Attenuation Factor

DOT Department of Transportation

DTL Default Target Level

EDB Ethylene Dibromide

EDC Ethylene Dichloride

EER Environmental Emergency Response

EM Exposure Model

EPA Environmental Protection Agency

ft Feet

GSRAD Geological Survey and Resource Assessmeiibiv

HWP Hazardous Waste Program

IELCR Individual Excess Lifetime Cancer Risk

IRIS Integrated Risk Information System

LNAPL Light Non-Aqueous Phase Liquid

LEL Lower Explosive Limit

MCL Maximum Contaminant Level

MDNR Missouri Department of Natural Resources

MEGA Missouri Environmental Geology Atlas

MLWL Mean Low Water Level

MNA Monitored Natural Attenuation

MRBCA Missouri’s Risk-Based Corrective Action

MSDS Material Safety Data Sheet

MTBE Methyl tert-Butyl Ether

NAPL Non-Aqueous Phase Liquid

NELAP National Environmental Laboratory AccreditatiProgram

NFA No Further Action

OAC Outreach and Assistance Center

OVM Organic Vapor Monitor

PAH Polynuclear Aromatic Hydrocarbons

PID Photoionization Detector
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PNA

Poly Nuclear Aromatics

POD Point of Demonstration

POE Point of Exposure

POTW Publicly Owned Treatment Works

PSTIF Petroleum Storage Tank Insurance Fund
QA/QC Quality Assurance/Quality Control

RBCA Risk-Based Corrective Action

RBTL Risk-Based Target Level

RCRA Resource Conservation and Recovery Act

RM Risk Management

RMP Risk Management Plan

RRL Required Reporting Limit

RSMo Revised Statues of the State of Missouri

SCM Site Conceptual Model

SSTLs Site-Specific Target Levels

SWMP Solid Waste Management Program

TC Toxicity Characteristic

TDS Total Dissolved Solid

TPH-DRO  Total Petroleum Hydrocarbon-Diesel Ranggadic
TPH-GRO  Total Petroleum Hydrocarbon-Gasoline Rabgganic
TPH-ORO  Total Petroleum Hydrocarbon-Oil Range Organ
TSP Trisodium Phosphate Dodecahydrate

UEL Upper Explosive Limit

USDA United States Department of Agriculture

USGS United States Geological Survey

UST Underground Storage Tank

VOA Volatile Organic Analysis

VOC Volatile Organic Compounds

WPP Water Protection Program
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1.0
INTRODUCTION AND BACKGROUND

1.1 INTRODUCTION

In early 2004, the Missouri Department of NaturasBurces issued a draft guidance
document, titled “Missouri Risk-Based Correctivetidn (MRBCA) Process for Petroleum
Storage Tanks.” That document, published aftezrestve discussions with and work by a
variety of stakeholders, built on the generic fraraek developed by the American Society
for Testing and Materials (ASTM) in their stand&t739-95, and implemented a more
technically sound approach to the risk-based cleaiuank sites that had been used in
Missouri since 1992.

In 2005, the process provided for by the draft gnoe was modified by the addition of six
supplemental guidance documents. These sevelargue documents were formally
incorporated into regulations issued by the Missdtszardous Waste Management
Commission in 2011.

This 2013 version of the 2004 Guidance Documenbrpmrates most of the 2005
supplemental documents; those not incorporatedatenger applicable. In addition, this
version of the guidance streamlines, clarifies amdis some requirements.

1.2 APPLICABILITY AND PURPOSE

This document will go into effect when it is incorpted into rules issued by the Hazardous
Waste Management Commission, and will apply togtgoleum tank release that occurs or
is discovered on or after the effective date oséhaules.

Because some persons will be in the midst of clepap a petroleum tank site when that
occurs, the following “transition procedures” walply:

Any petroleum tank release that occurred or wasodisred after January
2004 and prior to the effective date of the rulest thcorporate this revised
guidance document may be addressed under eitreegtidance or the
2004/2005 MRBCA tanks guidance documents, proviat—

a) prior to the effective date of the rules, trepBrtment approved a
work plan for site characterization, risk assesgmer corrective
action pertaining to the release, and

b) that work plan is or was implemented within gmear of the
Department’s approval of the plan.

If both of these criteria are not met, the releasest be addressed under this
guidance, unless another method is approved bpé¢partment.
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MDNR will not require that sites previously gran@®FA letter be reevaluated under this
revised guidance unless new information relatqaré@iously addressed releases becomes
available, or a new hydrocarbon release occuiseasite.

This document does not in any way replace or segermDNR’s enforcement or permitting
authority, notification requirements, or other apgible requirements, nor does it reduce any
of the responsible party’s obligations under stateederal laws or regulations.

The intent of the MRBCA process for tank sites as ansure sites are adequately
characterized and to provide a means by whichspiggific target levels can be developed.
These levels are protective of human health andetihngeronment under current and
reasonably anticipated future conditions. This doeent provides a technically defensible
procedure for developing site-specific risk-basedét levels and investigating releases at
petroleum storage tank sites.

This document has been developed for environmentééssionals having experience in,
and a working knowledge of, site assessment andstigation, risk assessment, and
remedial actions. Technical information is inclddeat describes the MRBCA process and
its elements, including site assessment, risk ass&d, risk management, and the tank
closure process. The calculation of risk-basedetaeyels is described at length in this
document. However, this document is not intenadete a guide to every aspect of the
practice of risk assessment. Prior experienceaamihg is necessary for an individual to

correctly implement the MRBCA process and, by teasure efficient site management.
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2.0
OVERVIEW OF MRBCA PROCESS

21 INTRODUCTION

This section presents an overview of the MRBCA psscas it applies to petroleum
underground and above ground storage tanks (USTSAShe MRBCA process begins
when a petroleum release is suspected or discoaackthcludes all subsequent activities
(except those conducted under 260.500 through 360BSMo and the regulations
promulgated thereunder) until MDNR issues a “Notker Action” (NFA) letter for the
release. Subsequent to site discovery and theat@fiany imminent hazards, the MRBCA
process requires the following types of activities:

. Site Characterization and delineation of impactoih groundwater, surface water,
sediments and soil vapor, as applicable. Theitieswculminate in the development
of a site conceptual model, which includes an expomodel,

. Risk assessment activities at the Tier 1, Tiemd, Ber 3 level, as applicable. At
Tiers 1 and 2, these activities culminate in thesttgoment of clean-up levels and, at
all tiers, a determination of the nature and extdnhecessary corrective action
activities; and

. Corrective action activities that ensure human theahd the environment are
adequately protected from site-specific impactsearmbth current and reasonably
anticipated future activities on and near the site.

Figure 2-1 illustrates the activities discussed vaboAlthough these activities are
fundamentally technical and rely on a variety dfedent scientific disciplines (geology,
hydrology, engineering, chemistry, toxicology, lanse planning, etc), they also entail
making assumptions and policy choices that mustdresistent with the policies and
regulations established by MDNR. These policy cb®iand the specific steps of the
MRBCA process are described in this section. Suylset sections of this document
describe the details of each step.

2.2 RISK-BASED CORRECTIVE ACTION PROCESS

The overall RBCA process for a site where a reledsgetroleum from an UST/AST
system(s) is suspected or confirmed is illustratethe flowchart at Figure 2-2 and is
discussed below.

(Note: Generally, the word “site” is used to ref@the property where one or more tanks
were located, and “offsite” refers to nearby propsr However, please note that certain
terms used in this Guidance Document — e.qg., ‘Gitaracterization” and “Site
Conceptual Model” — are intended to refer to midtiproperties and include all areas
which are or may be impacted by the petroleum selg¢a
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2.21 ReleaseDiscovery

The MRBCA process begins with the discovery oflaase at a UST/AST site. A release
might be discovered and reported to the MDNR uadariety of circumstances including,
but not limited to, (i) system closure, (ii) a siteeck investigation resulting in confirmation
of a release, and (iii) identification of an immmehazard (e.g., vapors in sewers or
buildings, etc.). Releases might also be idemwtidiering investigations conducted as a part
of real estate transactions, investigations coredlict anticipation of land development, and
the occurrence of accidents and spills.

The release discovery process should generallit iaghe identification of affected media
at a site and generate analytical data. Thisairdtta should, ideally, represent the point or
points of release, the chemicals of concern (COf&) the maximum concentrations of the
COCs.

The process of sitediscovery and reporting isdiscussed in further detail in Section 3.0 of
this document.

2.2.2 Comparison with Default Target Levels

This step involves the comparison of maximum stecentrations with the default target
levels (DTLs — found at Table 3-1 of this documeartyl occurs after a release has been
confirmed and affected media have been identifretissampled. If the maximum media-
specific concentrations at a site are less tharDthles, and provided the site poses no
obvious risk to ecological receptors, MDNR willugsa NFA letter pertaining to the site. In
such case, an ecological screening assessment asigections 5.5.5 and 6.6 of this
guidance will not be required.

If the maximum soil or groundwater concentratioxseed the DTLs, the person performing
the evaluation may either adopt DTasthe cleanup levels and develop a CorrectiveoActi
Plan (CAP) to achieve those levels, or perforneeet risk assessment.

Since MDNR may issue a NFA letter for the releasseld on a comparison of concentrations
of COCs found on the site with the DTLs, the datailable for the comparison must
accurately represent the maximum media-specific CQDcentrations. A NFA
determination at this step means that the condentsaof COCs present at the site do not
pose an unacceptable risk to human health or themement, regardless of how the site may
be used or developed in the future.

Note that “maximum concentration” refers to thereat maximum concentration of a COC.

At sites where remedial activities or additiondéases may have occurred since the time
samples were collected, new data will be necedsaspresent current conditions.
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2.2.3 Development and Validation of Site Conceptual Model

If the relevant maximum concentrations of COCs egcine DTLs and the DTLs are not
selected as the cleanup levels, a site conceptadei{SCM) must be developed and
validated. A SCM provides the framework for thell management of a site and should
help guide data collection and, subsequently, cowe action activities at the site. The
SCM is conceptual rather than tangible, thoughet@uator might find written notes,
diagrams, and flow charts beneficial in develogimg SCM. While the SCM will not be
submitted to MDNR, the data resulting from SCM dation will be.

Key elements of the SCM include (i) release scenaantaminant source, and COCs, (ii) an
exposure model (EM) that focuses on the receppatbways and routes of exposure under
current and reasonably anticipated future land asselitions, (iii) site stratigraphy and
hydrogeology, and (iv) spatial and temporal disttitin of COCs. An important part of this
step is the validation of the SCM through the aditn of site-specific data. The validation
process is similar to the traditional site investign step in that it may involve, for instance,
installation and sampling of monitoring wells amdlection of soil data both on-site and off-
site. Additionally, validation involves the detaration of land use and the development of
an EM. At sites that are currently undergoing stigation or corrective action, this step
may involve the compilation of relevant historidaadentification of data gaps, and the
collection of missing data so that a tiered riskegsment can be completed.

| Data needs for a tiered risk assessment are presented in Section 5.0. \

224 Tier 1 Risk Assessment

A Tier 1 risk assessment requires the (i) seleaifaelevant Tier 1 risk-based target levels
(RBTLs) from lookup tables developed by MDNR, aimddomparison of these levels with
representative concentrations (note that, at Tjaefpresentative rather than maximum
concentrations are compared to the target levetpe for surficial soil in a residential
setting, for which maximum concentrations are usédgr 1 RBTLs will be selected for
each COC, each complete pathway, and each medanoérn identified in the EM. The
Tier 1 RBTLs can be found in Tables 7-1 through(@»-é Section 7.0 of this document.

Based on the comparison of representative condmmsaand Tier 1 RBTLs, one of the
following three decisions is possible:

. Request a NFA letter from MDNR if the represen&tooncentrations (or, for
surficial soil in a residential setting, maximunmncentrations) do not exceed the
RBTLs and other conditions for issuance of a NFRehbeen met (e.g., necessary
activity and use limitations (AULS) in place, nootagical concerns, etc.),

. Adopt Tier 1 RBTLs as the cleanup levels and prepad submit a CAP to achieve
these levels, or
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. Perform a Tier 2 risk assessment.

The specific decision made must be documented imvitied to MDNR. Upon completion

of the Tier 1 risk assessment, the person who ataduhe evaluation or who is responsible
for the site shall provide their recommendationsiioNR. Note, however, that if a Tier 2
evaluation immediately follows the Tier 1 assesditlae evaluator need not submit a report
pertaining solely to the Tier 1 assessment. RatheiTier 1 and Tier 2 assessments may be
combined into a single report that is submittethatconclusion of the Tier 2 assessment.

| Details of Tier 1 risk assessment are provided in Section 7.0. \

2.25 Tier 2 Risk Assessment

Depending on site-specific conditions and the awdlity of data, conducting a Tier 2 risk

assessment might depend on the collection of aditsite-specific data. In preparation for
a Tier 2 risk assessment, the EM should be revisatkcessary, and, as appropriate,
additional data collected. This data would be usedevelop Tier 2 site-specific target
levels (SSTLs) in accordance with the provisionSettion 8.0 of this guidance.

After the Tier 2 SSTLs have been developed, théypeicompared with representative COC
concentration data from the site. Depending orctimeparison, the following three options
are possible:

. Request a NFA letter from MDNR if the represen&tooncentrations (or, for
surficial soil in a residential setting, maximunmcentrations) do not exceed the Tier
2 SSTLs for all complete routes of exposure anératbnditions for issuance of a
NFA have been met (e.g., AULs in place, no ecoligioncerns, etc.),

. Adopt Tier 2 SSTLs as cleanup levels and develBpB to achieve these levels, or

. Develop a work plan to perform a Tier 3 risk asgess.

| Details of Tier 2 risk assessment are presented in Section 8.0.

226 Tier 3 Risk Assessment

A Tier 3 risk assessment allows considerable fiéibto the person conducting the
evaluation. Because of the myriad options avalablTier 3, MDNR requires that a work
plan be prepared for MDNR’s review and approvabiptd a Tier 3 risk assessment.
Once Tier 3 SSTLs have been developed, they argpa@@d to representative COC
concentrations from the site. This comparison vaBult in one of the following two
options:

. Request a NFA letter from MDNR if the represen&tooncentrations (or, for
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surficial soil in a residential setting, maximunmcentrations) do not exceed the Tier
3 SSTLs and other conditions for NFA have been (@4}, AULs in place, no
ecological concerns, etc.), or

. Adopt Tier 3 SSTLs as cleanup levels and develapimplement a CAP.

| Details of Tier 3 risk assessment are presented in Section 9.0. \

2.2.7 Development and Implementation of Corrective Action Plan

This step involves the development and implememtadf a Corrective Action Plan (CAP)
to achieve the cleanup levels approved by MDNRpidatly, a CAP will be developed after
media-specific cleanup levels have been approvelbXR. The CAP may include a
combination of active and passive remedial optaam¥or AULs and a description of what
reports will be submitted and when. As appropyitite plan should include (i) the type of
technology to be used, (ii) an explanation of Albkesng proposed, if any, and justification
of their use, (iii) an estimate of the time neettemnplement the CAP, (iv) data that will be
collected to monitor the effectiveness of the CAfpthe manner in which the data will be
evaluated, and (vi) steps that will be taken if {8AP is not effective. During
implementation of the CAP, sufficient data mustbbected and analyzed to allow for an
appropriate evaluation of the performance of tla@ [glo that modifications can be made as
appropriate. The CAP should not be implementetiaut the approval of MDNR.

The data collected during implementation of the GhBuld be carefully evaluated and a
determination made whether the CAP is progresssgmdicipated. The data and the
evaluation shall be submitted to MDNR. If the Ci&ot progressing as anticipated and as
predicted in the work plan, a proposal for modifyitne CAP should be developed and
submitted to MDNR. Modifications of the CAP shafit be implemented without the
concurrence of MDNR.

| CAP details are presented in Section 10.0. \

2.2.8 No Further Action under the MRBCA Program

The overall objective of all CAPs is to ensure potibn of human health and the
environment under current and reasonably antiaipfatteire conditions. When MDNR is
satisfied that cleanup levels have been met os hislkve been otherwise managed, MDNR
will issue a NFA letter for the site. MDNR'’s issuc of a NFA letter indicates that, based
on the MRBCA evaluation submitted and the inform@atvailable to MDNR at the time, no
further action is necessary to protect human heaththe environment. However, if in the
future additional information becomes availablettladicates that the site poses
unacceptable risk to human health or the environMBNR may rescind their decision
and require further action at the site.
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23 RISK-BASED TARGET LEVELSWITHIN THE MRBCA PROCESS

Any of the following may be used as corrective@tstandards, subject to the restrictions
described below:

DTL s are the most conservative chemical and mediumHgpeoncentrations that allow
unrestricted (residential) use of the propertyr éach COC and each medium, the DTL is
the lowest of the Tier 1 RBTLs. Since DTLs are thest conservative levels, their
application does not require evaluation of sitecfeexposure pathways, the development
of a site conceptual model, any activity and usdtéitions, or the determination of whether
groundwater is used, or is likely to be used, aat@r supply source. DTLs are convenient
screening levels to use, for example, in Phaseskssments.

Tier 1 RBTLs are generic target levels developed by MDNR usioigservative default
parameters that depend on the receptor, mediawpgtiioute of exposure, and whether
impacted or threatened groundwater is used, ikalylto be used, as a water supply source.
Use of RBTLs may require AULS.

Tier 2 SSTL sare site-specific target levels that are calcdlagng site-specific data and the
guidelines included in this document. Tier 2 SSlffer from Tier 1 RBTLs in that the
Tier 2 SSTLs are based on site-specific fate aarsport parameter values whereas the Tier
1 RBTLs use default, generic fate and transpodrpaters. Typically but not always Tier 2
SSTLs will be higher than Tier 1 RBTL®ecause Tier 2 SSTLs are based on actual site
conditions, once developed, Tier 2 SSTLswill apply even if they are lower than the Tier 1
RBTLsfor that property. If the Tier 2 SSTLs are higher than the Tier ITRE, either Tier 1
RBTLs or Tier 2 SSTLs may be used. As with ther TieRBTLs, depending on the
circumstances, AULs may be required when SSTLsyappl

Tier 3SSTLsare site-specific target levels that are calcdlaseng data collected at the site
and the guidelines included in this document. Canag with Tier 2 SSTLs, Tier 3 SSTLsS
may be based on the application of fate and trahspodels other than those used to
calculate the Tier 1 RBTLs and Tier 2 SSTIAs with Tier 2 SSTLs, if the Tier 3 SSTLs
developed for asitearelower thanthe Tier 2 SSTLsor the RBTLs, the Tier 3 SSTLsmust be
applied. The application of Tier 3 SSTLs might also require use of AULSs, depending on
the specific circumstances.

Table 2-1 presents the differences between therdiit target levels within this framework.
24  DOCUMENTATION OF THE MRBCA PROCESS

To facilitate and allow decisions to be made that@otective of human health and the
environment, the MRBCA process requires the cabbacand analysis of a considerable
amount of data. The outcome of the MRBCA process considerable interest to a variety

of stakeholders, including but not limited to, MDNRNd owners, developers, lending
agencies, and cities and municipalities. Theretbeeprocess by which data is collected and
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analyzed and important decisions potentially afigdhuman health and the environment are
made must be as transparent as possible via ageanatlear communication between the
person responsible for a site and the MDNR. Swochnounication must occur throughout
the MRBCA process, from release discovery to isseai a NFA letter, so that interested
parties can determine if decisions made and aetviindertaken during the MRBCA
process at a site were sufficient to adequatelieptdhuman health and the environment.

The method and format by which the owner/operagports data developed under the
MRBCA process must be consistent (across the saatelinambiguous so that interested
parties can readily understand the:

. Nature and extent of the problem at a site,

. Sequence of actions taken to address the problem,

. Data collected to quantify and analyze the problem,

. Process used to develop a plan of action to adtliegsroblem,

. Results of the actions taken, and

. Finally, whether the actions taken are adequateleptive of human health and the

environment under current and reasonably antiaipfateire conditions.

To facilitate this type of reporting, Table 2-2 wdsveloped. Table 2-2 presents a
comprehensive list of reports that would typicélé/submitted to MDNR, an approximate
schedule for submittal of the various reports, andescription of the format in which these
reports would be submitted. Detailed discussidribase reports are presented in Section
12.0 of this document. Section 12.0 identifies:

. The specific reports that must be submitted to MDNR
. Data that must be included in each report,

. The required reporting format for each report, and

. A schedule for submission of the reports to MDNR.
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Table2-1

Comparison of Risk Assessment Options

Factors DTL Tier 1 Tier 2 Tier 3
Exposure Factor s Default Default Default Site-specific
Toxicity Factors' Default Default Default Most current
Physical and
Chemical Default Default Default Most current
Properties'

Fateand
Transport Default Default Site-specific Site-specific
Parameters'
Unsaturated Zone | Depthtowater | Depthtowater | Depth to water Site-specific
Attenuation table dependent | table dependent | table dependent model
Fateand .
Transport Moddls Default Default Default Alternative
Representative | Representative | Representative
Comparative Maximum Concentrations- | Concentrations- | Concentrations-
Concentrations See Appendix See Appendix See Appendix
E E E
I[ELCR 1x10° 1x10° 1x10° 1x10°
Hazard Quotient 1 1 1 1

E;r;cl;;atlve Not considered | Not considered | Not considered | Not considered

Groundwater

Ingestion MCL or MCL or MCL or MCL or

Pathway equivalent equivalent equivalent equivalent

Complete

Ecological Risk NA Evaluate Evaluate Evaluate

Outcome of NFA, Tier 1, NFA, Tier 2, NFA, Tier 3,

Evaluation CAP CAP CAP NFA, CAP

Land Use No Yes Yes Yes

Activity and Use N Depend on land use, groundwater use, and
S one N

Limitations assumption in risk assessment

DTL: Default Target Level
IELCR: Individua Excess Lifetime Cancer Risk
MCL: Maximum Contaminant Level
NFA: No Further Action

CAP: Corrective Action Plan

! Refer to Appendix B
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Table 2-2

Comprehensive List of Reportsto be Submitted to M DNR*

REPORT SCHEDULE

1 |ClosureNotice As requested by the owner/operator, no less than 30 days prior to closure

2 |Closure Report Within 60 days of closure

3 |Release/Suspected Release As soon as practical but no later than 24 hours of discovery

4 |Initial Hazard Abatement Measures 20 days from release confirmation

. To be performed within 7 days from suspected release, report within 60 days

5 |Site Check . .
of completion of site check

6 |System Tests To be performed within 7 days from suspected release, report within 20 days
of the test

7 |Work Plansfor Site Characterization & Monitoring as requested and agreed to by MDNR or as requested by MDNR (typically 30

days of reguest)

8 |Periodic Monitoring Reports As stipulated by MDNR or as requested and agreed to by MDNR
9 |Site Characterization Report(s) As per the schedule in the work plan or stipulated by MDNR

10 |[Soil Vapor Measurement Work Plan and Reports As per the schedule in the work plan or stipulated by MDNR

11 |Tier 1 Risk Assessment Report As stipulated by MDNR

12 |Tire 2 Risk Assessment Report As stipulated by MDNR

13 |[Tier 3Work Plan As stipulated by MDNR or as proposed and agreed to by MDNR
14 |Tier 3 Risk Assessment Report As per the schedule in the work plan or stipulated by MDNR

15 |(Corrective Action Plan (CAP) As stipulated by MDNR

16 |Interim Corrective Action Work Plan and Report As stipulated by MDNR

17 Ililglpé)I:tL (light non-aqueous phase liquid) Removal Work Plan and As stipulated by MDNR

18 |Activity and Use Limitations Work Plan and Report As stipulated by MDNR

19

Corrective Action Plans and Report(s)

As stipulated by MDNR

20

CAP Performance Monitoring Plans and Report

As stipulated by MDNR

* Reports requiring submission to MDNR dependent on site conditions.
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3.0
RELEASE DISCOVERY AND IMMINENT THREAT

31 INTRODUCTION

The MRBCA process starts with the initial suspicadnmelease followed by activities that
either confirm or refute the release. If the reéeds confirmed, the MRBCA process
continues until MDNR issues a “No Further ActiofNHA) letter for the release. Note,
however, as previously stated, the MRBCA proce&s chmt include emergency response
activities conducted under 260.500 through 260BSMo and the regulations promulgated
thereunder.

A number of different events may trigger site-specictivities that may ultimately lead to
release discovery. These include but are noteuinio:

. Observation of petroleum products on or near aesitg, in utilities, on or adjacent to
surface water bodies, in observation wells, etc.,

. Unusual underground storage tank (UST) system tpgreonditions, e.g., sudden
loss of product in tanks, erratic behavior of prddiispensing equipment, etc.,

. Monitoring results from a leak detection system,

. Phase | or phase Il investigations associated iwdhestate transactions,

. Accidental release, e.g., during refueling of USAygankers, and

. Complaints of odors at or adjacent to a site.

In each of the above cases, the owner/operatbied ST system must report in writing to
MDNR within 24 hours of suspicion and/or confirnmatiof releas€10 Code of State
Regulations (CSR) 20-10.050 Reporting of Suspected Releases), as directed at 3.2 below.
Once a release has been confirmed, a site charatien will be necessary to collect
relevant data to perform a risk-based evaluatitso (@fer to Section 5.0). Note, however,
that MRBCA data collection activities are secondargddressing all imminent threats and
hazardous conditions posed by a release.

3.2 INVESTIGATION OF IMMINENT THREAT

In all of the above cases the first step upon simpiand/or confirmation of a release is to
report the release to MDNR at the earliest practraament.

The following points briefly summarize the requirems of Sections 260.500 through
260.550, Revised Statues of Missouri (RSMo). Noé¢ MDNR’s Environmental Services
Program (ESP) administers the referenced requiresmen

. Any release of petroleum in excess of 50 gallobg@lons for USTS), constitutes a
hazardous substance emergency,

. Releases shall be reported to the MDNR at (573)2B36 at the earliest practical
moment,
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. MDNR will evaluate whether an imminent threat esist

. MDNR may require a person having control over aahdaus substance emergency
to clean up the release and take any reasonabitengdb end the hazardous
substance emergency,

. MDNR may require such persons to take such aciiemsay be reasonably required
to prevent recurrence of the hazardous substaneggency, and

. In the event such persons fail to act, MDNR may tagtion and pursue recovery of
its costs.

Upon completion and documentation of the emergeggpyonse activities, and if the release
of petroleum hydrocarbon is confirmed, additiorstbdnay have to be collected to perform a
risk-based evaluation.

In no case will MDNR approve a risk assessment aréctive Action Plan (CAP) if a
hazardous substance emergency exists or is likelyctur, unless such conditions are
specifically addressed either through interim otiive actions or through measures
contained in the CAP.
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Table 3-1

Default Target Levels

Chemicals of Concern Sail Groundwater
(mg/kg (mg/L

Benzene 5.61E-02 GWP 5.00E-03 DGW
Toluene 2.98E+01 GWP 1.00E+00 DGW
Ethylbenzene 3.99E+01 GWP 7.00E-01 DGW
Xylenes (mixed) 2.47E+01 INH 1.00E+01 DGW
Ethylene Dibromide (EDB) 4.73E-04 GWP 5.00E-05 DGW
Ethylene Dichloride (EDC) 2.06E-02 GWP 5.00E-03 DGW
Methyl-tert-butyl-ether(MTBE) 3.98E-01 GWP 1.28E-01 DGW
Acenaphthene 1.74E+02 GWP 1.65E-01 DGW
Anthracene 3.06E+03 GWP 6.96E-01 DGW
Benzo(a)anthracene 6.12E+00 GWP 1.03E-04 DGW
Benzo(a)pyrene 6.20E-01 SDC 1.02E-05 DGW
Benzo(b)fluoranthene 6.19E+00 SDC 6.27E-05 DGW
Benzo(k)fluoranthene 6.20E+01 SDC 6.46E-04 DGW
Chrysene 5.99E+02 SDC 1.03E-02 DGW
Dibenzo(a,h)anthracene 6.20E-01 SDC 4.21E-06 DGW
Fluoranthene 2.28E+03 SDC 1.64E-01 DGW
Fluorene 2.11E+02 GWP 1.03E-01 DGW
Napthalene 3.25E-01 GWP 1.09E-03 DGW
Pyrene 1.50E+03 GWP 9.61E-02 DGW
TPH-GRO 3.85E+02 INH 1.81E+01 DGW
TPH-DRO 4.15E+03 INH 3.43E+01 DGW
TPH-ORO 1.24E+05 SDC 3.18E+01 DGW
>C6 - C8 (Aliphatics) 2.53E+02 INH 9.94E+00 INH
>C8- C10 (Aliphatics) 5.24E+01 INH 3.40E-01 INH
>C10 - C12 (Aliphatics) 2.60E+02 INH 2.27E-01 INH
>C12 - C16 (Aliphatics) 1.18E+03 INH 5.23E-02 INH
>C16 - C35 (Aliphatics) 1.22E+05 SDC 3.13E+01 DGW
>C8 - C10 (Aromatics) 4.12E+01 GWP 1.72E-01 DGW
>C10 - C12 (Aromatics) 6.49E+01 GWP 1.72E-01 DGW
>C12 - C16 (Aromatics) 1.29+02 GWP 1.72E-01 DGW
>C16 - C21 (Aromatics) 1.11E+03 GWP 4.69E-01 DGW
>C21 - C35 (Aromatics) 1.72E+03 SDC 4.69E-01 DGW
Tertiary-amyl-methyl-ether (TAME) 6.77E-01 GWP 8.28E-02 DGW
Tertiary-butyl- alcohol (TBA) 5.58E-01 GWP 2.86E-01 DGW
Ethyl-tert-butyl-ether ( ETBE) 1.06E-01 GWP 1.44E-02 DGW
Diisopropyl ether ( DIPE) 4.12E+00 GWP 3.51E-01 DGW
Ethanol 7.73E+02 GWP 5.15E+02 DGW
Methanol 2.08E+01 GWP 7.81E+00 DGW
Arsenic 3.89E+00 SDC 1.00E-02 DGW
Barium 2.04E+03 GWP 2.00E+00 DGW
Cadmium 9.31E+00 GWP 5.00E-03 DGW
Chromium (111) total chromium 7.46E+04 SDC 1.00E-01 DGW
Chromium (V1) 1.59E-03 GWP 3.37E-06 DGW
Lead 3.74E+00 GWP 1.50E-02 DGW
Selenium 6.27E+00 GWP 5.00E-02 DGW
Notes:

SDC : Direct contact pathway

DGW: Groundwater Domestic Use

MRBCA Guidance Document

NA: Not Applicable
GWP: Protection of domestic groundwater use pathway

INH: Indoor inhalation (vapor intrusion) pathway
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4.0
UST CLOSURE GUIDANCE

4.1 INTRODUCTION

This section presents requirements for tank clestivat are regulated under Chapter 319
RSMo and 10 CSR 26-2.060 — 2.064. Closure of atengnound storage tank (UST)
means that the tank has been removed or filled avitmert solid material and has had all
tank openings (e.g., tank tubes, vent pipes, pips)i permanently sealed or capped
according to the requirements of this section. sTduidance may also be used to close
above ground storage tanks (ASTs) that containojgetm products. Owners of
hazardous substance tanks must submit a plan fwoegd prior to conducting closure.

Implementation of the guidance presented in thisudeent will fulfill the requirements
of 10 CSR 26-2.061(5). However, the entity perfimgntank closure may present
alternative written procedures to MDNR that may rbere appropriate based on site
conditions. Similarly, procedures presented is ttocument may not address all actions
that MDNR may determine are necessary. MDNR mayire additional actions to
achieve compliance with applicable laws and regurat

The tank closure process generally includes tHevihg activities:

. Submission of Storage Tank Closure Notice;

. Removal of tank(s) and piping or in-place tank oles

. Collection and analysis of soil and groundwater @as)

. Disposal of any waste streams (tank, soil, tankiesas, and water) generated;
and,

. Submission of a tank closure report.

The closure of tanks is the responsibility of the&ner/operator of the tank and all
correspondence from MDNR shall be addressed t@wresr/operator. However, upon
written request of the owner, MDNR will facilitatee closure process by working with
the company hired by the owner/operator to closddhk.

4.2 SUBMISSION OF UST CLOSURE NOTICE

The process of tank closure begins when an entibpng#s a “Storage Tank Closure
Notice” to MDNR. This notice must be submittedleast 30 days prior to initiating
closure activities, unless tank removal is necgsganbate an emergency. In this case,
the tank closure notice shall be submitted at Hreest possible time after abatement of
the emergency. A Dblank copy of the form can be moaded from
http://dnr.mo.gov/forms/780-2121-f.pdf .

MDNR will review the tank closure notice and retuansigned copy to the owner to
acknowledge receipt.
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4.3 CLOSURE OF TANKS BY EXCAVATION OR CLOSURE IN PL ACE

Tanks may be closed either by excavation and rehwvelosed in-place, the latter by

filling the tank(s) with an inert material. In leeir case, MDNR requires that storage
tanks be cleaned, removed or filled, and disposedccordance with recommended
industry practices developed by organizations agtJS EPA or American Petroleum

Institute (API). For tanks closed in-place, a mp deed notice must be executed to
provide notice to future purchasers and lesseethefdetails (location, size, date of
closure etc.) of the tanks closed on site.

For in-place closures, all vents, pipelines, afidtidbes must be sealed with cement or
concrete grout. The tanks must be cleaned andiesnpt all hydrocarbon liquids or
sludges before being filled with an inert mateviéh properties similar to those of rock
and soil. If fly ash is used to fill tanks, a bBaal use request must be submitted to
MDNR'’s Solid Waste Management Program (SWMP) inocagdance with 10 CSR 80-
2.020(9)(B) for review and approval, unless a gahnese exemption has been approved.
For the latter, the fly ash must be handled in etaace with the terms and conditions of
the exemption.

4.4  SOIL SAMPLING DURING UST CLOSURES

This section presents the sampling and analysisirergents for the tank removal and
closure process. The number and location of sariplée collected as part of a UST
closure depends on the (i) volume of the UST |dyput of the UST system, and (iii) the
presence of physical encumbrances in the tank exocav Physical encumbrances
include (i) groundwater that rapidly fills a tankt @nd prevents soil sampling, (ii)
concrete pads beneath the tardsd (iii) bedrock in the tank excavation. The ivem
and locations of soil samples to be collected esented in Section 4.4.2.

4.4.1 Collection of Soil Samples

All soil samples must be collected from undisturipedive soils, generally about a foot
below the fill material It may not be necessary to remove all backifdhirthe tank pit to
collect therequired samples. During the tank closure procasger photographs must be
taken to document closure activities; the photogsagnd a description of each must be
included in the closure report. Photographs shmddide:

» Condition of the site before and after the clossir@omplete
* The ends, sides and interior of each tank

* The excavation floor and sidewalls

* Tank pad if present

* Bedrock if exposed

* Product lines and dispenser trenches

» Sealed underground tanks/lines that are closethoep

MRBCA Guidance Document Page 4-2 October 17, 2013



Note: all borings and monitoring wells equal togoeater than 10 feet deep are subject to
the Missouri Water Well Drillers Act and regulatson

All soil and ground water samples sent for labasatmalysis must be analyzed for the
appropriate chemicals of concern (COCs) using éherlatory methods listed in Table
5-1.

If the sampling requirements presented in thisiseatannot be met due to site-specific
conditions, an alternative plan must be submitbelDNR and approved.

4.4.2 Number and Location of Soil Samples

This section presents sampling requirements fojept® where fewer than 200 cubic
yards of native soil (not including the backfill tegal) are excavated. For sites where
more than 200 cubic yards of native soil have bmmtaminated, refer to Section 4.4.4
for proper sampling requirements.

4.4.2.1 Soil Sampling for UST Removals with No Phigal Encumbrances

Samples have to be collected from beneath the(tank pit floor) and along the tank pit
wall in the direction COCs or petroleum productrisst likely to migrate. Exhibit 4-1
presents the number of samples and Figures 4-d@J1(d) present the locations where
the samples shall be collected.

Exhibit 4-1
Tank Excavation Sampling for UST Removals with No Rysical Encumbrances

Sample Location Sample Requirement

One grab sample required under each tank. Sample
beneath the center of the UST or its former locafio
[Figure 4-1(a)].

Beneath a UST that is 110 to 1,000
gallons capacity

Two grab samples required under each tank. Onelsgmp
Beneath a UST that is greater than beneath each end of the tank or its former locgtion
1,000 gallons capacity [Figure 4-1(b)]. One sample should be from bend#atl
fill port.

One grab sample from each it section required
Collect the sample from the hydraulic downgradigall
of the excavation pit at the point of greatest bles
Downgradient Wall contamination. If no contamination is visible,leot the
sample from the wall at a level 12" below the battof
the UST or its former location [Figures 4-1(c) afd

1(d)].
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4.4.2.2 Soil Sampling Requirements if Groundwatersi Encountered During UST
Removal

If the pit recharges with water so quickly thaistnot possible to obtain the samples
listed above (Section 4.4.2.1), soil samples mastdilected from native soil adjacent to
each of the four sides of the UST at the mean |latewlevel (MLWL). As shown in
Exhibit 4-2 and Figures 4-2(a) to 4-2(d), the numéued location of samples depend on
the size of the tank and whether the pit has sioglenultiple USTs. Note the grab
sample must be collected 12" below the bottom efWST or its former location if the
MLWL is not discernible.

Exhibit 4-2
Required Soil Sampling for Tank Excavation Filled wth Groundwater

Closure Removal Scenario Sampling Requirements

One grab sample from each wall of the tank excamadi

Single UST_< 8,000 Gallons the mean low water level [Figure 4-2(a)].

One grab sample from each wall of the tank excamati
along the end of the tank and two grab samples faoh
wall along each side of the tank at the mean lotenlavel
[Figure 4-2(b)].

Single UST > 8,000 Gallons

One grab sample from each wall of the tank excamati
Multiple USTs < 8,000 Gallons along each side and end of a tank at the mean lateryv
level [Figure 4-2(c)].

. One grab sample from each wall of the tank excamati
> along each end of the tank and two grab samples éach
wall along each side of the tank at the mean lotenlavel
[Figure 4-2(d)].

Multiple USTs > 8,000 Gallong

4.4.2.3 Soil Sampling Requirements for USTs Restiran Concrete

If the UST is resting on a concrete pad and theipdd be left in the ground, the pad
must be cleaned and examined for cracks and petnosaining. Soil samples must be
taken from all sides of the pad. The number of @amwill depend on the size and
number of tanks, as presented in Exhibit 4-3 amgiféis 4-3(a) to 4-3(d). If the pad is
cracked, a soil sample must be taken beneath sio&exnl area.

4.4.2.4 Sampling Requirements when Bedrock is fourid the Excavation
If bedrock is encountered in the tank excavatioth swil samples cannot be collected in
accordance with Section 4.4.2.1, one grab sampkt bricollected from along each side

of the tank at the interface of the bedrock andnidwtéve soil of the walls of the tank pit.
Exhibit 4-4 and Figures 4-4(a) to 4-4(d) presestrthmber and location of the samples.
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Exhibit 4-3

Required Soil Sampling for Tanks Resting on Concret Pad

Closure Removal
Scenario

Sampling Requirements

Single UST < 8,000 Gallons

One grab sample from along each side of the paylif€i4-
3(a)].

Single UST > 8,000 Gallons

One grab sample from each end of the tank and tab
samples from each side of the tank along the ctagqrad
[Figure 4-3(b)].

Multiple USTs < 8,000
Gallons

One grab sample from each side of the pad at ttle and
sides of each tank [Figure 4-3(c)].

Multiple USTs > 8,000
Gallons

One grab sample from each side of the pad at the efi
each tank and two grab samples from each sideeopdul
along the sides of each tank [Figure 4-3(d)].

Exhibit 4-4

Required Soil Sampling for Tanks Resting on Bedrock

Closure Removal
Scenario

Sampling Requirements

Single UST < 8,000 Gallons

One grab sample from each wall of the tank excamadit
the bedrock soil interface [Figure 4-4(a)].

Single UST > 8,000 Gallons

One grab sample from each wall of the tank excamd

along the end of the tank and two grab samples fach
wall of the tank excavation from each side of tektat the
bedrock soil interface [Figure 4-4(b)].

Multiple USTs < 8,000
Gallons

One grab sample from each wall of the tank excamd

along each side and end of a tank at the bedrodk
interface [Figure 4-4(c)].

Multiple USTs > 8,000
Gallons

One grab sample from each wall of the tank excema

along each end of the tank and two grab samples &ach
wall of the tank excavation along each side ofrk fat the
bedrock soil interface [Figure 4-4(d)].
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The samples must be collected from native soill@khg the heaviest staining at a depth
at or beneath the bottom of the tank. If bedrockaarse gravel prevents collection of
soil samples from native soil at a depth beneatbquiivalent to the bottom of the tank
(i.e. tanks blasted into bedrock) or if contamioatextends into bedrock, a geologist or a
qualified professional engineer registered in thateS of Missouri must perform a
geologic assessment to determine the potentiapfoduct migration and groundwater
contamination.

At a minimum the geologic assessment should incdbddollowing information:

. The type of bedrock and formation;

. Soil type and soil morphological features;

. The competence of bedrock (i.e., weathered zorgredef fracturing, etc.);

. A description of potential karst development atghe;

. The potential for perched groundwater within ortap of bedrock;

. The presence or absence of water in the tank gdittewater source;

. The depth to groundwater;

. The direction of groundwater flow;

. Downgradient receptors within 1/4 mile;

. The construction, depth, and static water levebfbmonitoring wells on site, any

private wells within 1/4 mile radius of the siteydaany public water supply wells
within one mile of the site;

. The highest levels of soil contamination near tedrbck surface;

. A professional opinion regarding the potential fproduct migration and
groundwater contamination;

. High resolution color photographs of bedrock swefagposed during assessment
and areas which were exposed to excessive contaomnand,

. A description of the stratigraphy present in theasar of question, i.e. known

regional aquifers, confining layers, etc.
4.4.2.5 Soil Sampling Requirements for in-place USTlosures

Soil samples for in-place UST closures must beectdld along the center of each side
and end of the UST. Field screening must be uselantinuous core to the total depth.
Any interval above the target depth which showstammation must be sampled as a
separate grab sample. Exhibit 4-5 and Figuresaj#a( 4-5(d) show the number and
location of the samples that depend on the sizenamber of tanks.

If the tank(s) are on a concrete pad, these samshkdkbe collected as close to the pad as
possible.

4.4.2.6 Additional Soil Sampling Requirements for AUST Closures
In addition to sampling the tank excavation desatilabove, samples must also be

collected from (i) the product piping, (ii) dispems, (iii) any remote fill ports associated
with the tank system, and (iv) soil excavated fritn@ tank pit that is to be used to refill
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the tank pit or as clean fill. If a waste oil taskbeing closed, site background conditions
must be determined. Exhibit 4-6 shows the numbwet cation of the additional
samples.

_ ~ Exhibit 4-5
Required Tank Excavation Soil Sampling for In-PlaceClosures

In-place Closure Scenario Sampling Requirements

Single UST < 8,000 Gallons One grab sample from each side and end of the
tank [Figure 4-5(a)].

Single UST> 8,000 Gallons One grab sample from each end of the tank|and
two grab samples from each side of the tank
[Figure 4-5(b)].

Multiple USTs < 8,000 Gallons | One grab sample from each end and side of ajtank
[Figure 4-5(c)].

Multiple USTs > 8,000 Gallons One grab sample femaoh end of a tank and two
grab samples from each side of a tank [Figurg 4-

5(d)].

Sampling of Excavated Soil:All backfill material and native soil that is renmexy or
disturbed during excavation is excavated soil fo purposes of this document. All
excavated soil must be sampled and analyzed tde(@rmine if the material can be
placed back into the excavation or (ii) characeeitzfor disposal. Field screening may
be used as a tool for separating contaminatedrsoi non-contaminated soil. However,
field screening may not be used to document thdtcem be placed back into the
excavation.

If excavated soil is to be placed back into theagation, samples of the soil must be
analyzed for all applicable COCs listed in Tablé.5-A minimum of one composite

sample must be collected from each 100 cubic yaiidse composite sample should be
composed of soil from no more than 4 separate imtstcollected from at least 2 feet
into the pile.

If the excavated soil is to be placed back into é¢lkeavation, the soil must meet the
cleanup target levels applicable to the site. Eatal soil that does not meet the cleanup
target levels may not be returned to the excavatiSoch soil must either be disposed
off-site at an approved disposal facility or othiesgvmanaged in accordance with state
laws and regulations.

If the soil is disposed at an approved sanitargfiinthe landfill should be contacted to
determine their requirements for sampling.
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Sampling Background Conditions: If heavy metals, volatile organic compounds
(VOCs), or polynuclear aromatic hydrocarbons (PAEI® detected at a waste oil tank
excavation, a sample must be collected upgradittiheo excavation at a location not
affected by the contamination to verify naturalycorring background conditions. If an

upgradient sample is not provided, MDNR will assuang elevated levels are due to a
release from the waste oil tank.

Exhibit 4-6
Additional Sampling Required for All Closures

Sample Locations Sampling Requirements*
All Product Lines One grab sample per piping trefidm each
twenty-foot section. In doing so, sample

preferentially under joints, flex connectors gnd
pipe elbows. If piping trench is less than fijve
feet in length, no sample is required. Pipjng
sample is required even if the piping is to remain
in use.

All Dispensers One grab sample from beneath easpedser ig
required, unless the dispenser is directly ajove
the UST. Soil must be sampled even if the
dispenser is to remain in use.

Remote Fill Ports One grab sample at connectiorsanadditiona
grab sample for each twenty-foot section| of
pipe.

Excavated Soil One composite sample required fraoh el00
cubic yards.

Site Background Conditions — Used®ne grab sample collected upgradient of |the
Oil Only tank excavation, if metals contamination |is
detected in the tank excavation

* The samples must be collected 12" into nasioi:

4.4.3 Groundwater Sampling Requirements for UST Clsures

Impact to groundwater must also be evaluated aariagh the closure activities. The
number and location of samples will depend on wdreth not water is encountered in
the tank excavation during the tank closure adtisit The sampling requirements under
these conditions are presented below. For USTupdss groundwater is defined as water

from the first saturated zone or water-bearing cafiable of measurable recharge within
12 hours.
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4.4.3.1 Sampling Groundwater Encountered During US'Excavation and Removal

If water is encountered in the pit, it is assunwthe groundwater unless it is removed to
determine whether it is groundwater or trapped am@fwater. If the water is not

removed from the tank excavation or the pit receangith groundwater within 12 hours,

a grab sample of the water in the excavation mestdilected and analyzed. If the

groundwater shows COC (refer to Table 5-1) conegintis above the DTLs in Table 3-

1, additional site characterization may be required.

4.4.3.2 Groundwater Sampling if Encountered Duringn-Place Closure

Groundwater must be analyzed if it is encounterednd an in-place closure. If the
concentrations of COCs in the groundwater are allbgeDTLs listed in Table 3-1, a
minimum of three groundwater monitoring wells ooperly constructed piezometers
must be installed as described below:

0] One monitoring well or properly constructed piezéenemust be installed
immediately adjacent to the UST pit on the hydadowngradient side. The
well or piezometer should be installed topograghicaowngradient if the
hydraulic downgradient is unknown. The monitorimgll must be screened
across the first saturated zone. The others shmujdaced in such a manner as to
determine groundwater flow and elevation.

(i) Regulations require that the wells be drilled andstructed in accordance with
the Missouri Geological Survey (MGS) Monitoring WE€lonstruction Rules (10
CSR 23-4.010-4.080). Contact the MGS Wellheaddetmin Section at (573)
368-2165 for more information.

(i)  Following well development and purging, represemaigroundwater samples
must be collected and analyzed for COCs per Tallle Bhe boring log, chain of
custody, and analytical results must be included past of the closure
documentation. All auger flight cuttings must lregerly disposed.

(iv)  Contact the Tanks Section if groundwater sampkngot possible.

4.4.3.3 Groundwater Sampling if Not Encountered Dung UST Excavation and
Removal

This section discusses the circumstances undemvwgramundwater sampling is required
even though groundwater was not encountered itatilepit. Figure 4-1 shows the flow
chart to determine the need for groundwater ingattn during tank closure. For the
purposes of this section, the volume of materialthe original tank excavation zone or
pit and in the piping trench is not considered étedmining the volume of soil excavated
due to contamination. Further, soils that existdoel that original tank pit and piping
trench are considered excavated soils regardlesghether the material is a naturally
developed soil or the material is a fill that waed to elevate or level the site surface.
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A groundwater investigation is required for ang sithere the volume of excavated soils,
ignoring the tank pit and piping trench, exceed8 2@bic yards, regardless of final soll
sample results. In this situation, the departmesgumes the excavated soils to be
contaminated and believes that a volume exceedd@gcbic yards is indicative of a
significant petroleum release and a heightenedtlofegroundwater contamination.

A groundwater investigation is not required whdre éxcavation is less than 200 cubic
yards and the final soil sample results do not eddbe values are listed on Table 4-1,
Column A.

The values in Table 4-1, Column B may be substitdte the default target levels
provided that a registered geologist or qualifieafg@ssional engineer has determined that
the groundwater use pathway is incomplete. Thisrdenation is documented using the
process described at Section 6.3. Again, provitiati soil excavation, beyond the tank
pit and line trench, does not exceed 200 cubicsyand groundwater investigation is
required.

If the groundwater use pathway is determined todyaplete, then the values in Table 4-
1, Column A shall be used.

If the values in Table 4-1 cannot be met, thencaiigdwater investigation is required. In
all other instances, a groundwater investigatiaedagired.

4.4.4 Sampling Sites after Excavation of Contaminain

This section applies to sites where more than 2@@ccyards of contaminated native soil
have been removed, or further excavation is nepgssaemove the affected soil. These
200 cubic yards of native soil do not include bdchkiaterial that must be removed prior
to closure sampling. The sampling specified irs thection may be used to verify that
excavation of the contaminated areas has beenssiattg completed.

The following sampling plan applies any time contsated native soil is removed from

the tank pit, piping run and underneath dispens8anples must be taken from (i) each
excavation wall; (ii) the floor of the excavatioand, (iii) areas where a potential

migratory pathway exists (e.g. utility conduitdf.the sampling requirements presented
in this section cannot be met due to site-specifieditions, an alternative plan must be
submitted to MDNR and approved prior to implementat

4.4.4.1 Excavation Walls

Samples must be taken from each wall of the exmavatlf the wall is less than twenty
feet in length one grab sample is required. Ifwad is more than twenty feet long, it
must be divided into equal sections of no more ttvaanty feet with one grab sample
collected from each section. If contamination iegent, take the sample in the area of
greatest staining If contamination is not obvious, the sample masttaken from the
wall within one foot of the excavation floor in tieenter of the section [Figure 4-5(a)].
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4.4.4.2 Excavation Floor

Divide the excavation floor into thirty-foot gricgéstions (a square with thirty-foot sides).
Take one grab sample from each grid square. Timpleashould be taken from the area
of the grid section with the greatest staining. thére is no obvious staining, take the
sample from the center of the grid section [Figti&(b)].

4.4.4.3 Sampling near Potential Pathways

Samples must be taken at all potential pathwagydimg, but not necessarily limited to,
buried pipelines, sewers, water lines or otheitytionduits.

4.4.4.4 Groundwater Sampling

In addition to the requirements of Section 4.4.8vah groundwater must be assessed at
the site if more than 200 cubic yards of nativd gmi other fill materials outside the
tank/piping excavation zone) were contaminated alibe DTLs. If water is not present
in the pit, then the assessment must be completadcordance with Section 4.4.3.3.

4.4.4.5 Location of Wells

If more than 100 cubic yards of native soil (ol fihaterial outside the tank/piping
excavation zone) were contaminated above the Ddlland use map must be submitted
showing any drinking water wells located within dheusand feet (1,000’) of the site.

45  WASTE DISPOSAL AND TREATMENT

During UST closure activities, several types of tanight be generated (e.g. sludge and
rinsate, contaminated soil, contaminated watersable product, etc.). These wastes
require proper management to ensure that humarthheald the environment are
protected.

For all activities that result in generation of wegSMDNR prefers to utilize pollution
prevention technologies to reduce the amount otevgenerated. However, pollution
prevention methods cannot eliminate all wastes rg¢e@ during UST closure. MDNR
recommends that, whenever possible, wastes beledaather than disposed.

The owner/operator of the UST bears the respoitgibil ensuring that wastes generated
during UST closure activities are properly managedVastes must be properly
characterized before being shipped off-site to @lif that is approved/permitted to
accept the wastes. Waste transporters must posbegsplicable licenses required to
transport the waste. In addition, the UST ownesfafor must ensure that all relevant
and applicable OSHA and NIOSH safety standardsf@lewed during UST closure
activities.
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Exhibit 4-7
Requirements for Proper Management of Hazardous Wde Based on the
Quantity Generated or Accumulated

Amount of Hazardous Waste
Generated per Month or

Accumulated at Any One Time Actions Required

<100 kg (220 Ibs.) Responsible party is a "coodaily exempt
small quantity generator.”
a) characterize the waste
b) dispose of the waste at a permitted disposa|

facility
100 to 1000 kg Responsible party must comply with all standatds
(220 to 2200 Ibs.) set forth for small quantity generators:

a) characterize the waste

b) complete Notification of Regulated Waste
Activity form to obtain generator identificatio
numbers*

c) meet all applicable storage requirements

d) send the waste for disposal within the requifed
time frames (180 days, 270 days if transported
greater than 200 miles)

e) properly manifest the waste

f) dispose of waste at a permitted disposal
facility

g) report the waste disposed on the Generators
Hazardous Waste Summary Report*

-

> 1000 kg (2200 Ibs.) Responsible party must comlly all standards

set forth for large quantity generators:

a) characterize the waste

b) complete Notification of Regulated Waste
Activity form to obtain generator identificatio
numbers*

c) meet all applicable storage requirements

d) send the waste for disposal within the requifed
time frames (90 days)

e) use the manifest system

f) dispose of waste at a permitted disposal
facility

g) report the waste disposed on the Generators
Hazardous Waste Summary Report*

» Contact the MDNR's Hazardous Waste Program at (5731-3176 for further
information.

=)
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45.1 On-site Storage of Excavated Soil

Excavated soil must be placed on and covered wdktip or a similar impermeable
material. A permit to stockpile contaminated swilsite is required if these requirements
cannot be met. On-site storage should be for timmam period necessary to arrange
for appropriate management of the soil.

45.2 Recovered Product

Product recovered from a UST may be managed by usirselling the material for its
intended use, returning the material to the distrdm system (e.g. pipeline or terminal),
or sending the material off-site for fuel blendimgdisposal. Recovered product sent for
disposal is assumed to be a hazardous waste andject to the testing requirements of
40 CFR Part 261 and 10 CSR 25-4.010 (see ExhiBjt 4 order to demonstrate that
recovered product has been properly managed, thsurel report must include
documentation signed by a representative of thiitfato which the material was sent
attesting to the use, recycle or disposal of theenad. Please direct questions regarding
proper waste characterization to MDNR’s HazardoussM Program (HWP) at (573)
751-3176.

4.5.3 Disposal of Petroleum Contaminated Pit Water

Petroleum contaminated water that accumulatesanU8T excavation pit but that has
not come in contact with the interior of the USTdsferred from hazardous waste
management for the toxicity characteristics represeby the waste codes D018 through
D043 (refer to 40 CFR 261 for a list of the toxyattharacteristic waste codes). However,
the pit water must still be assessed for toxicharacteristics represented by the waste
codes D001-D017. After the hazardous waste detation has been made, disposal
options include: i) disposal at a municipal wastewvareatment facility; ii) direct
discharge under a general permit; and, iii) disp@taa permitted hazardous waste
disposal facility. These three options are furtiscussed below.

4.5.3.1 Disposal at a Municipal Wastewater Treatmdracility

A municipal wastewater treatment facility, othemviknown as a Publicly Owned
Treatment Works (POTW), may accept petroleum-comated water, but is not
required to do so. Permission to discharge wastewa the POTW must be obtained
from the POTW before the water may be dischargébe closure report must include
appropriate documentation demonstrating that titenweas accepted by the POTW.

If an on-site connection to a sanitary sewer is@né and written permission from the

POTW has been obtained to place the wastewatethpteanitary sewer, the wastewater
is exempt from solid and hazardous waste regulstioHowever, if the wastewater is

determined to be hazardous prior to dischargedcé#mitary sewer, it must be managed
according to all applicable hazardous waste rulglsragulations.
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If the POTW will not accept untreated wastewatiee, POTW might agree to accept the
wastewater after it has been treated on-site tanmEe contaminant concentrations. If
the wastewater is to be treated on-site, a hazard@agte treatment permit must first be
obtained from MDNR’s HWP. Note, however, that adra@ous waste treatment permit
is not required if the wastewater is treated oe-silely via gravity separation, simple
filtration, or the use of an oil/water separatddofe: the separated product and filter
media may be a hazardous waste after the on-eatntent is completed and, if so, must
be managed appropriately.)

4.5.3.2 Discharge Under a General Permit

Wastewater cannot be discharged to the environewsgpt under a General Permit for
Fuel Spill Cleanup (MO-G940000) issued by MDNR’s té&/aProtection Program
(WPP). The generator does not need to obtain mipér wastewater is discharged
directly into a sanitary sewer in accordance withCFR 261.4(a)(1)(ii) (as above, prior
approval from the municipal wastewater treatmertilifg is required), or if the
wastewater is hauled directly to a treatment fgcili However, to document proper
disposal, MDNR requires that a signed statememn fitee receiving facility be included
in the closure report.

4.5.3.3 Disposal at a Waste Disposal Facility

If the discharge limits of the general permit og P OTW cannot be met, then wastewater
that is hazardous (see Exhibit 4-7) must be serat permitted disposal facility. The
wastewater must be transported to the facility undanifest by a licensed hazardous
waste transporter. A list of licensed hazardoust&v&ransporters may be obtained from
MDNR’s HWP at (573) 751-3176.

Non-hazardous wastewater that does not meet ticbatige limits of the general permit
or the POTW may be sent to a disposal facility tisafpermitted to accept it. If
transported, the wastewater must be managed angawliall applicable Department of
Transportation (DOT) regulations.

4.5.4 Disposal of UST Wastes

All waste from the interior of an UST is assumed#&hazardous waste and is subject to
a hazardous waste determination. In addition,raaglia or debris that comes in contact
with the interior of the UST or with waste remov&dm the interior of the UST is
assumed to be hazardous, unless laboratory anatyiieate otherwise (see Exhibit 4-8).
If UST wastes are managed under an exemption, ppate documentation must be
submitted to MDNR to verify proper disposal. Foomn information regarding the
proper management of UST wastes, contact the MDNHR¥P at (573) 751-3176.
MDNR'’s technical bulletin “Management of PetroleuS8torage Tank Wastes” is
available ahttp://dnr.mo.gov/pubs/index.html
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455 UST Disposal/Recycling

Before being transported off-site, USTs must be texdp cleaned and purged in

accordance with all applicable industry practic€ce emptied, cleaned and purged, the
UST may be disposed as solid waste or recycled getgpped or salvaged). The closure

report must include a signed statement from theeovaf the UST(S) or the receiving

facility attesting to the fate of the UST.

Exhibit 4-8
Toxicity Characteristic Information Sheet

Media and Debris that are Deferred from the RCRA Twicity Characteristics
Rule for Analysis for the Hazardous Waste Codes D&1- D043*

Deferred**

Not Deferred

Materials outside of an UST:
» Soil (before & after treatment)
* Groundwater (before and aft
treatment)
* Floating Plume
» Surface Water
* Rock, Grass and Stumps
 Empty USTs
» Empty Piping

Materials from inside the UST:

e Sludge

 Water

* Unusable Product

e Waste Materials/Rinsate from
UST Cleaning

» Spent Carbon or Waste from
Treatment

Minimal Sampling Required to Properly Characterize Petroleum-Contaminated
Waste for Disposal***

Deferred** Not Deferred
* Ignitability * Ignitability
e Lead e Lead
e Benzene
* Refer to 40 CFR 261 for hazardous waste codes.

*%

The deferral only applies to media and debriattare contaminated by petroleum from

USTs subject to corrective action under 40 CFR P&t

*kk

Laboratory analytical data must be submitteddtmcument that the waste is not a hazardous

waste under the Toxicity Characteristic Rule. Aiddal analyses may apply dependent
on the waste generated and site specific conditions
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4.5.6 Recording of USTs Closed In-Place

The existence of an UST closed in place must berded on the property deed pursuant
to 10 CSR 80-2.030(2). A "Statement of Closurefrfanay be used to comply with this
requirement (contact MDNR’s Tanks Section at (573)1L-6822 for a copy of the
“Statement of Closure” form). During any potent@operty transaction, it is the
property owner’s responsibility, under Missouri idlVaste Management Law (260.213
RSMo), to inform a potential buyer that a solid teais located on the property and that
the potential buyer may incur liability for that sta under State and Federal laws.

4.5.7 Disposal of Petroleum Contaminated Soill

Soil contaminated with petroleum, provided thasihot a hazardous waste and does not
contain free liquid, may be taken to a permitteditsay landfill as a special waste,
provided the landfill is willing to accept it. Brito disposal, a "Special Waste Disposal
Request" (contact the MDNR’s Solid Waste ManagerReagram at (573) 751-5401 for
a copy of the “Special Waste Disposal Request” jomust be submitted to and
approved by the landfill. A copy of the form anabdytical data for the soil must also be
included in the closure report. The closure repoust also include a copy of the
shipping papers or the landfill disposal receiptslocument the landfill's receipt of the
material. Questions regarding proper disposaletfgleum contaminated soil should be
directed to MDNR’s SWMP at (573) 751-5401.

45.8 Treatment of Petroleum Contaminated Soil

Prior to implementation of an alternative or oresisoil treatment option (e.g.,
landfarming, in-situ biological treatment, thermedatment, etc.), a Corrective Action
Plan (CAP) must be submitted to MDNR’s Tanks Secfar review and approval. |If
treatment will be via on-site landfarming, approvalist be obtained from MDNR’s
Tanks Section as part of the CAP for the petroleel@ase. Off-site landfarms require a
permit issued by MDNR’s WPP; for information condeg landfarming permits,
contact MDNR’s WPP at (573) 751-1300.

4.5.9 Reusing Excavated Soil as Fill

Excavated soil intended for placement back intoWlsd excavation pit must meet the

cleanup target levels applicable to the site. Eat=d soil that does not meet the cleanup
target levels may not be returned to the excavatiSoch soil must either be disposed
off-site at an approved disposal facility or othesevmanaged in accordance with state
laws and regulations. Refer to Section 4.4.2.6ddher information.

Excavated soil intended for use as fill materidhentthan via replacement into the
excavation pit must be managed in accordance withagplicable state solid and
hazardous waste laws and regulations. Soil useiil §¢except when replaced in the
excavation pit) must meet the SWMP’s clean filltemia or be managed under a
beneficial reuse request. Review the MDNR technimdletin “Beneficial Use of
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Petroleum Contaminated Soil” available on-lineh&p://dnr.mo.gov/pubs/pub2177.pdf
or contact MDNR’'s SWMP at (573) 751-5401 prior teing excavated soil as fill
material.

4.5.10 Applicability of the Toxicity Characteristic Rule

Under the Toxicity Characteristic (TC) Rule, medrad debris from closure or cleanup of
a petroleum UST that is subject to corrective actiader 40 CFR Part 280 are deferred
from being managed as hazardous waste for theittpxicaracteristic for the hazardous
waste codes D018 through D043 (refer to 40 CFR f#81a list of the toxicity
characteristic waste codes). The term “media”udet naturally occurring materials
such as soil, groundwater, surface water, andhair are contaminated with substances
released from USTs. The term “debris” refers tadsahaterial that is a manufactured
object, plant or animal matter, or natural geolagaterial.

To properly characterize deferred media and debis,applicability of the hazardous
waste characteristics designated by the hazardastewodes D001 through D017 must
be determined. In most cases, deferred petrolentaminated media and debris should
be analyzed for the characteristic of ignitabilitj?there the USTs contained leaded
gasoline, analysis should also be performed forttxécity characteristic of lead. If
contaminated media and debris do not exhibit anythdd applicable hazardous
characteristics, the wastes may be managed asamamelous solid waste.

Wastes that come in contact with the interior of thST are not deferred from the

toxicity characteristics for the hazardous wastesoD018 through D043. These wastes
(e.g. rinsate, cleaning materials, sludge, scalateny unusable product, etc.) are
hazardous when disposed, unless analytical testidiggates otherwise or they are

managed according to an exemption. These wastes$ Ibeusharacterized to ensure
disposal in accordance with hazardous waste laws ragulations. Documentation

indicating that the waste is non-hazardous shauttude laboratory analytical data for

the hazardous characteristics of ignitability, emezand lead.

46  SUBMISSION OF THE CLOSURE REPORT

A closure report must be submitted to MDNR withid @ays of completion of closure
activities, unless otherwise approved in writing MPNR, using MDNR’s “Closure
Report for Petroleum Releases at Underground Stofamgk Sites” available on-line at
http://dnr.mo.gov/forms/780-2120-f.pdf
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NOTE: For soil sampling, in each case illustrated lg/ftgures below, if field screening
indicates that contamination is present on therfbyavalls of an excavation, a sample
shall be collected from the area where contaminaigresent. When contamination is
present, MDNR recommends collecting a sufficiemhbar of samples to define the

extent of the contamination.

Side View Overhead View

,000 gallons

TM@;&F "

@

Figure 4-1(a). Tank Floor Sampling Where No Physel Encumbrances Exist for
Tanks 1,000 Gallons or Less

Side View Overhead View

Fill Port

ST

12" 12" Fill Port

]
9
®
|4—>

Figure 4-1(b). Tank Floor Sampling Where No PhysideEncumbrances Exist for
Tanks Greater than 1,000 Gallons
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Overhead View
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Figure 4-1(c). Hydraulic Downgradient Wall Samplirg, 20 Feet of Wall or Less

Side View Down Gradient

Overhead View
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Figure 4-1(d). Hydraulic Downgradient Wall Sampling, Greater than 20 Feet of
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Undergrond Storage Tank

Vel ®
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¥

Figure 4-2(a). Tank Excavation Soil Sampling for Bigle Tanks 8,000 Gallons or
Less when Groundwater is Encountered

Side View Overhead View
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UST > 8,000 gallons
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Water in Excavation Native Soil

Figure 4-2(b). Tank Excavation Soil Sampling for #igle Tanks Greater Than 8,000
Gallons when Groundwater is Encountered
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Side View Overhead View
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Wiater in Excavation Native Soil

Figure 4-2(c). Tank Excavation Soil Sampling for Miltiple Tanks 8,000 Gallons or
Less when Groundwater is Encountered
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Water in Excavation Native Soil

Figure 4-2(d). Tank Excavation Soil Sampling for Miltiple Tanks Greater Than
8,000 Gallons when Groundwater is Encountered
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Figure 4-3(a). Tank Excavation Sampling for a Sinlg Tank 8,000 Gallons or Less
Resting on a Concrete Pad
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Figure 4-3(b). Tank Excavation Sampling for a Singt Tank Greater Than 8,000
Gallons Resting on a Concrete Pad
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Figure 4-3(c). Tank Excavation Sampling for Multide Tanks 8,000 Gallons or Less
Resting on a Concrete Pad
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Figure 4-3(d). Tank Excavation Sampling for Multipe Tanks Greater Than 8,000
Gallons Resting on a Concrete Pad
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Figure 4-4(a). Soil Sampling for a Single Tank 8D Gallons or Less Resting on
Bedrock
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Figure 4-4(b). Soil Sampling for a Single Tank Grater Than 8,000 Gallons Resting
on Bedrock
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Figure 4-4(c). Soil Sampling for Multiple Tanks 8)00 Gallons or Less Resting on

Bedrock
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Figure 4-4(d). Soil Sampling for Multiple Tanks Greater Than 8,000 Gallons
Resting on Bedrock
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Figure 4-5(a). Soil Sampling for In-Place Closuref a Single Tank 8,000 Gallons or
Less
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Figure 4-5(b). Soil Sampling for In-Place Closur®f a Single Tank Greater Than
8,000 Gallons
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Figure 4-5(c). Soil Sampling for In-Place Closuref Multiple Tanks 8,000 Gallons
or Less
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Figure 4-5(d). Soil Sampling for In-Place Closur®f Multiple Tanks Greater Than
8,000 Gallons
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Figure 4-6(a). Sidewall Soil Sampling After Excavidon of Contamination
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Figure 4-6(b). Floor Sampling After Excavation ofContamination.
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No Soil concentration exceeds

domestic use pathway?

Domestic consumption
of groundwater pathway
compl ete?

Soil concentration exceeds
level protective of groundwater
indoor inhalation
pathway?
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More than 200yd? of soil excavated?

level protective of groundwater for

Yes

Yes

v

No groundwater investigation
necessary.

Perform groundwater
Investigation.

Figure4-1: Flowchart to Determine Need for Groundwater I nvestigation

During Tank ClosureActivities.
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Table4-1

Soil Concentration Levelsto Determinethe Need for Groundwater Evaluation During Tank Closure

Domestic Consumption of Groundwater Pathway

Chemicals
Complete Incomplete

Benzene 5.61E-02 1.12E+01
Toluene 2.98E+01 # 1.51E+04 #
Ethylbenzene 3.99E+01 # 5.89E+03 #
Xylenes (mixed) 6.34E+02 # 7.48E+02 #
Ethylene Dibromide (EDB) 4.73E-04 2.18E+00
Ethylene Dichloride (EDC) 2.06E-02 3.54E+00
Methyl-tert-butyl-ether (MTBE) 3.98E-01 5.62E+02
Acenaphthene 1.74E+02 1.69E+06
Anthracene 3.06E+03 # 1.00E+07 #
Benzo(a)anthracene 6.12E+00 # 6.55E+06 #
Benzo(a)pyrene 3.04E+01 # 5.66E+06 #
Benzo(b)fluoranthene 1.15E+01 # 1.40E+06 #
Benzo(k)fluoranthene 1.18E+02 # 1.72E+08 #
Chrysene 6.12E+02 # 4.84E+06 #
Dibenzo(a,h)anthracene 2.38E+00 5.57E+08
Fluoranthene 2.61E+03 # 2.27E+08 #
Fluorene 2.11E+02 # 6.19E+06 #
Napthalene 3.25E-01 # 6.72E+02 #
Pyrene 1.50E+03 # 2.70E+08 #
TPH-GRO 1.81E+04 1.26E+04
TPH-DRO 2.94E+09 # 1.22E+05 #
TPH-ORO 2.94E+09 # NA
>C6- C8 (Aliphatics) 1.45E+04 8.37E+03
>C8 - C10 (Aliphatics) 3.48E+03 1.73E+03
>C10 - C12 (Aliphatics) 2.59E+04 8.61E+03
>C12 - C16 (Aliphatics) 1.17E+06 # 3.92E+04
>C16 - C35 (Aliphatics) 2.94E+09 # NA
>C8 - C10 (Aromatics) 4.12E+01 2.51E+03
>C10 - C12 (Aromatics) 6.49E+01 1.26E+04
>C12 - C16 (Aromatics) 1.29E+02 6.20E+04
>C16 - C21 (Aromatics) 1.11E+03 NA
>C21 - C35 (Aromatics) 8.79E+03 NA
Tertiary-amyl-methyl-ether (TAME) 6.77E-01 1.68E+02
Tertiary-butyl- alcohol (TBA) 5.58E-01 2.59E+04
Ethyl-tert-butyl-ether ( ETBE) 1.06E-01 7.28E+02
Diisopropyl ether ( DIPE) 4.12E+00 9.63E+02
Ethanol 7.73E+02 1.80E+05
Methanol 2.08E+01 7.39E+05
Arsenic NA NA
Barium NA NA
Cadmium NA NA
Chromium NA NA
Lead NA NA
Selenium NA NA
Notes:

All concentrations are in mg/kg.
NA: Not Available
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5.0
SITE CHARACTERIZATION AND OTHER DATA
REQUIREMENTSFOR MRBCA PROCESS

5.1

INTRODUCTION

This section presents:

An explanation of the data necessary to implembet MRBCA process for
petroleum underground and above ground storage(#8K/AST) sites,

A brief discussion of the techniques used to collee data, and

A description of the manner in which the data stidad documented and reported
to MDNR.

The data discussed herein will typically be cokelcsubsequent to the confirmation of a
release as part of the initial and comprehensive sharacterization efforts. The

objective of the data collection effort is to eresuhat data of sufficient quality and

guantity are available to:

Develop a site conceptual model,

Compare maximum site concentrations with the defanget levels (DTLs, see
Table 3-1),

Compare representative concentrations or, for@alfsoil under residential use,
maximum concentrations, with Tier 1 risk-based ¢atgvels (RBTLs, see Tables
7-1through 7-6(c)),

Develop Tier 2 and Tier 3 site-specific target Is(&STLSs), if necessary,
Compare the SSTLs with representative (or maximas,discussed above)
chemical of concern (COC) concentrations, and

Develop a Corrective Action Plan (CAP), if necegsar

The risk assessment should be completed only altteelevant data has been collected
and a site conceptual model has been developed.

To accomplish the above objectives, the followinfgpimation is required:

Chronology of site events,

Nature, magnitude, and location of release (inclgddentification of COCs),
Site information (e.g., physical features, land, ete.),

Adjacent land use and receptor information,

Vadose zone soil characteristics,

Saturated zone and groundwater characteristics,

Characteristics of nearby surface water bodies,

Distribution of the COCs in sail,

Distribution of the COCs in groundwater, and

Information about corrective action measures cotetband are planned.
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Note: Additional data beyond that discussed hereight be required to develop a
Corrective Action Plan (CAP) or to complete a T3erisk assessment. For instance, the
collection of natural attenuation parameters oadaim vapor extraction or pump and
treat pilot tests might be required to design ativaaemediation system. Due to the
variability in the type of data that might be negdthe collection of this type of data is
not discussed here. Rather, requirements for aléction of such data will be
determined on a site-specific basis.

52 CHRONOLOGY OF SITE EVENTS

As part of the MRBCA evaluation, the person undenig the evaluation must carefully
review all existing data and identify any data g@pdy after all the necessary data have
been collected and full site characterization implete should the person undertaking the
evaluation proceed with the development of targetls.

The first step in the MRBCA evaluation is to deyeld comprehensive chronology of
events related to the aforementioned activitieshfonology of events will help create a
comprehensive picture of the activities conductetha site and identify gaps in those
activities. The chronology shall include infornaatiregarding events such as:

. The date tanks were installed, removed and/or ulegka

. Whether any contaminated soil was excavated amasksl of off-site,
. Date(s) when monitoring wells were drilled, sampded gauged,

. Date(s) when soil samples were collected, and

. Dates when remedial activities were conducted.

Note that the intent of this exercise is to devedoplear understanding of historic site
activities as they may impact current and poterfti@lire risk. Development of the
chronology is not the “end in itself,” but rathemgans to understand site conditions.

53 NATURE, MAGNITUDE, AND LOCATION OF RELEASE

Knowledge about the nature, location, and magninfde release(s) is necessary to (i)
identify the soil and/or the groundwater sourcefsbhe site, and (ii) identify the COCs.
The person performing the work shall collect as Imotthe following information as is
available for each release that has occurred aitéve

. Location and date of the release,

. Quantity of the release,

. Type of product released, and

. Any interim corrective action measures already grenkd with respect to each
release.

Release-related information can be obtained by @etyaof means, including (i)
reviewing inventory records, (ii) interviewing pastd current on-site employees, and
(iif) reviewing historic spill incident reports &t with MDNR.
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5.3.1 Location and Date of Release

Identifying the location of a release helps detime soil and groundwater source area(s).
Likely release locations at petroleum UST sitesuide (i) corroded or damaged tanks,
(i) piping, especially at pipe bends and joinis) lispenser islands, and (iv) accidental
releases while filling the USTs/ASTs. A releaseyroacur within the surficial soil (0-3
feet below the ground surface (bgs)), subsurfaddgfsom 3 feet bgs to the water table),
or, if the groundwater is shallow (less than alddufeet bgs), below the water table.

Identifying the date of a release is necessargieatify the COCs, as discussed in Section
5.3.3 (the COCs are listed in Table 5-1). Basetherchronology, the entity performing
the work shall review the operational history daf 8ite to determine the location and date
of the release(s). Often the exact location artd dathe release will not be known. In
such cases, soil and groundwater sampling (inctudiireld screening using a
photoionization detector (PID) and visual obsensa) shall be used to identify the
likely location and extent (vertical and horizoptaf the soil and groundwater sources.
The exact number and location of samples to becteitl will be determined on a case-
by-case basis using professional judgement. Samgllans must be approved by
MDNR prior to implementation.

5.3.2 Quantity of Release

The MRBCA process does not necessarily require keaye of the exact quantity of the
released petroleum. Often this information is kiwbwn. However, having a general
idea of the amount released can assist in evatu#tm severity of soil and groundwater
contamination and the extent of the residual sourdermation regarding the amount
released is typically based on inventory records.

5.3.3 Product Released and Chemicals of Concern

MDNR’s Tanks Section regulates releases of “regdlatubstances” from USTs and
ASTs used for the sale of petroleum products. {Regd substances” are defined as
“petroleum, including crude oil or any fraction thef, which is liquid at standard
conditions of temperature and pressure, sixty gegFahrenheit and fourteen and seven-
tenths pounds per square inch absolute, respécfection 319.00 RSMo). This may
include:

. Gasoline,

. Diesel/Light Fuel Oils,
. Jet Fuel,

. Kerosene, or

. Used Oil.

Knowing what was released can simplify the proaésdentifying relevant COCs.
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Each of the products listed above is a mixturewherous hydrocarbon compounds and
additives whose physical and chemical propertia$ @ercent composition vary. The

environmental behavior (mobility, persistence, antker-media transport) of these

products and any adverse environmental and humatihheffects depend on (i) the

properties of the individual compounds, (ii) theancentration in the product, and (iii)

their degradation by-products and analogous congmurTable 5-2 presents the range
and average weight percent of a few of the corestisiof different products.

The MRBCA process focuses on a limited set of chalwispecific to various petroleum
products that pose the greatest risks to humarthhaat the environment. These are
known as thehemicals of concern (COCs). Table 5-1 lists the major products and the
corresponding COCs for which the impacted soil graundwater shall be sampled and
for which target levels shall be developed. Figbh®is a flowchart that can be used to
identify COCs. Depending on the petroleum prodweased, soil and groundwater
samples at a site must be sampled for the COCsaitedi in Figure 5-1 using the
analytical methods listed in Table 5-1. Exclud@®Cs or using analytical methods
other than those specified in Table 5-1 is allowety with prior approval of MDNR.
For releases other than gasoline, samples withctddtie levels of total petroleum
hydrocarbon-diesel range organic (TPH-DRO) or tpetiroleum hydrocarbon-oil range
organic (TPH-ORO) shall also be analyzed for thiymalear aromatic hydrocarbons
(PAHSs) listed on Table 5-1. The intent is to idgnsite-related PAHSs, hence additional
sampling may be necessary to distinguish betweerradated and background PAHSs.

If the release at a site can be identified as stingi of a single product based on release
reports, free product analysis, or location of iotpa(e.g. the bottom of a particular
product tank), COCs for that product only need balyzed. If the product spilled or
released cannot be conclusively identified based tloese methods, then COCs
corresponding to all products known or suspectedaatie been stored at the site shall be
included in the initial analysis. Once the prodacthe COCs have been identified, the
list of parameters for which samples are analyzayg be modified accordingly.

If data collected in the past does not includetadl suspected COCs at a site, additional
sampling might be necessary to quantitatively eateluhe missing COCs. The need to
do so will be determined on a case-by-case basis.

5.3.4 Interim Corrective Actions

Typical interim corrective actions include the exaton and off-site disposal of
contaminated soil, removal of free product, soibaaextraction, and pump and treat.
Interim corrective actions performed at a site dobave removed all or part of the
product spilled or released. Therefore, soil armligdwater data collected prior to the
completion of such activities might not be repreéatwve of current conditions and shall
not be used in the site risk assessment. At suel, skdditional soil and groundwater
concentration data representative of current cardit shall be collected after the
completion of the interim corrective action. Datdlected before completion of interim
corrective action may be used to determine wheddiadal data shall be collected.
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54 SITEINFORMATION

The following information is necessary to compliéte MRBCA evaluation:

. An area map

. A land use map

. A site map,

. An understanding of ground surface conditions,

. Location of utilities on and adjacent to the site,

. On-site and nearby off-site groundwater use, and

. Regional hydrogeology and aquifer characteristics.

A brief discussion of each of the above items espnted below. Note that relevant site
information can be obtained by various means, dioly (i) a site visit, (ii) review of
engineering drawings showing the layout of the, gitg review of regional information,
and (iv) review of files at MDNR related to theesar adjacent sites.

54.1 Required Maps

An area map shall be prepared using a United Stassdogical Survey (USGS) 7 %
minute scale topographic map as a base. Themitgidn should be centered on the
topographic map and clearly marked.

A land use map shall be prepared documenting thdtseof the Land Use Survey. The
map shall identify all structures and roads withiB00 foot radius from the tank system
(refer to Subsection 6.1.1.1 for information on htmandentify and describe land uses on
the map).

A detailed map of the tank site showing propertyrimtaries and the layout of past and
current site features such as USTs, ASTs, pipirgpetiser islands, paved and unpaved
areas, canopy, station building, etc. shall be smeh The map shall also show the
locations of (i) on-site monitoring wells (includirthose that have been abandoned, lost
or destroyed), (ii) water wells (public and privatéii) soil borings, (iv) soil vapor
extraction wells, (v) soil excavation areas, angl gvea of release (refer to Section 5.8).
As appropriate, multiple maps showing these featunay be prepared. Site maps shall
be made to scale, with a bar scale and a nortlwarddDNR will reject maps that are not
to scale or without a north arrow.

5.4.2 Ground Surface Conditions
Determine the portion of the site that is pavedyawed, or landscaped. Note the type,
extent, and general condition of the pavement, @estribe the unpaved areas (e.qg.,

vegetated, gravel, bare soll, etc.). Determinedifection in which the surface is sloping
and note relevant topographic site features (gveples, drainage ditches, etc.).
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5.4.3 Location of Utilities On and Adjacent to the Site

Due to the potential for preferential flow of imped groundwater and vapors into
underground utility lines/conduits, a thorough assgent of potential and actual
migration and impact of COCs to underground uéfitimust be performed. Utilities
include, but are not limited to, phone lines, wdires, sanitary sewers, storm sewers,
and natural gas lines. A combination of site obstions, knowledge of buried utilities,
and discussions with utility representatives areldite owner shall be used to determine
the locations of site utilities. At a minimum, fiam the following:

. Locate all underground utility lines and conduitghim the area of known or
likely soil and groundwater impact, both on-sited asff-site, where the release
may have migrated or may migrate in the future.

. Determine the direction of flow in the utilities &er, storm water, and sewage).

. Identify the utility lines/conduits on a base méattalso shows the extent and
thickness of free product, if any, and soil andugidwater contamination.

. Determine depth of the utility lines/conduits relatto the depth of groundwater.

Seasonal fluctuations of the groundwater levelgfijxe to the depth of utilities)

shall be carefully evaluated. Where such wouldsase the evaluation and

understanding of site conditions, a cross-sectiahagram shall be provided
illustrating the depth to groundwater and the lmcet and depths of the ultility
lines/conduits. At a minimum, a cross-section chagwould be required at sites
where deeper water bearing zones are used foringinkater and where utilities

may be preferential pathways.

. Determine the types of materials used for linedods (i.e., PVC, terra-cotta,
concrete, steel, etc.) and backfill around thetigtd.

. Determine any past impacts to utilities and whetligy complaints have been
previously filed with MDNR or the property owner.

. As appropriate, sample the utilities and vaultsg®ither an explosimeter, PID,

or organic vapor monitor (OVM) or by taking air gales. If explosive
conditions are encountered, immediately inform kbeal fire department and
MDNR (contact MDNR at (573) 634-2436).

. Where a utility is threatened, or where the po$igtbof an explosion exists,
appropriate measures to eliminate fire, explosaval vapor hazards must be
undertaken immediately.

544 On-site Groundwater Use

The current and former site owners and operatoosildhbe interviewed to determine
whether a water well is/was located on site. ikater well is identified, construction
details of the well shall be obtained to the extrnth are available. At a minimum, the
total depth of the well, screen (if present) inegdrand use of water from the well shall be
determined. If an identified well is not currentityuse or likely to be used in the future,
it shall be properly abandoned in accordance wilPN®R requirements, unless it is to be
used for future sampling as part of a correctivieoacplan for the site. In addition to
water wells, dewatering wells on or adjacent tofgodity shall also be identified.
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5.4.5 Regional Hydrogeology and Aquifer Characteristics

Published literature, especially USGS publicati@msl United States Department of
Agriculture (USDA) soil surveys, and reports foryamvestigations conducted at
adjacent or nearby release sites, shall be revigwetttermine regional hydrogeology,
soil types, and aquifer characteristics. This ea@bn shall be used to determine the type
and depth of aquifers in the area and whether #reyconfined, semi-confined, or
unconfined. General aquifer characteristics sulield and total dissolved solids will
help determine whether the groundwater ingestioposure pathway is a concern.
Regional information will assist the entity condagtthe work to better understand site-
specific soil and groundwater conditions.

Two valuable sources of regional hydrogeology aafar characteristic information are
the Well Information Management System, which cmstall records of known wells in
Missouri and is available &ttp://dnr.mo.gov/mowells/publicLanding.dand Center for

Applied Research and Environmental Systems or “C8REnaps, available at
http://ims.missouri.edu/moims/stepl.aoi/countydisp. .

The review discussed above shall also locate sarfeater bodies (e.g., creeks, lakes,
rivers, etc.), seeps, and springs within 500 fdethe site (unless MDNR requires a

different distance based on site conditions) thaild be or are affected by the site
release. If a surface water body is identified @nsl determined that it may be impacted
by site-specific COCs, collect information regagithe type (perennial vs. intermittent),

flow rate, flow direction, depth, width, and usetloé surface water body. The water body
must be identified on the area map discussed dt.5I4 karst areas, MDNR may require

that the minimum search area radius be increasgdhanidentification of springs, seeps,

sink holes, and other karst features be included.

55 ON-SITE AND OFF-SITE LAND USE AND RECEPTOR INFORMATION

Land use information is used to identify the (igdtion and type of receptors, (ii) routes
of exposure by which the receptors might be exptsatle COCs, and (iii) presence of
any activity and use limitations (AULSs) pertainitggthe site. This information is critical
in developing a site exposure model as discusse&ection 6.1. The following
information shall be collected:

. Current land use,

. Potential future land use,

. Local ordinances and restrictions that affect lasd and/or groundwater use,
. Water well survey, and

. Ecological receptor survey.

A land use and receptor survey covering a radids)0ffeet from the area of release will
generally be adequate. At sites where the plunmghtmibe much longer due to the
magnitude of the spill or other site-specific cdimtis, MDNR may require that the
minimum survey radius be increased and will requodmittal of a land use map
covering the entire impacted and potentially impddarea
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55.1 Water Wdll Survey

A water well survey shall be conducted to locatgablic water supply wells within an
approximately one-mile radius of the site and alivgte water wells within an
approximately quarter-mile radius of the site.ohnfiation sources include the USGS, the
Missouri Environmental Geology Atlas (available frdIDNR’s Missouri Geological
Survey), water system operators, and interview$ \tal residents. In areas where
private water use wells are likely, MDNR may requthat a door-to-door survey of
businesses and residents within a quarter-mileusadf the site be conducted. To the
extent such information is available, well chardstes including age, depth to water
and total well depth, water use, screen (if prgsamterval, construction, depth of
casing(s), and mode of operation (continuous \srhmttent) shall be documented.

5.5.2 Ecological Receptor Survey

Ecological receptors include specific species agnegal populations of flora and fauna
and their habitats, including, but not limited tegtlands, surface water bodies, sensitive
habitats, and endangered species. The checkigtaathment A of this section must be
completed for each site, except those where irs@ahpling indicates concentrations of
COCs are below the DTLs and the site poses no ob\lwreat to ecological receptors. If
the answer to any of the questions on the chechtishttachment A is yes, then the
Attachment B checklist must be completed. Comphetibeither checklist might require
that the area within an approximately 500-foot uadhf the site be visually surveyed for
specific ecological receptor criteria as identife the checklists. MDNR will require
that such a survey be conducted if the checklistsiat be completed based on existing
information. For any site where ecological receptmight be affected by contamination
from a site being evaluated under this guidancedeisrmined by completion of the
checklists in Attachments A and B, consultationhWMDNR will be required. Refer to
Section 6.6 for further information regarding eapt@l receptor evaluations.

56 VADOSE ZONE SOIL CHARACTERISTICS

Vadose zone soil is the media through which COQgrate to groundwater and vapors
move upward to the ambient air or into an enclogsate. The following vadose zone
parameters and their variability across the immhcéeea significantly affect the
movement of chemicals through vadose zone soil:

. Thickness of vadose zone and depth to groundwater,
. Porosity,

. Water content,

. Fractional organic carbon content, and

. Bulk density.
In developing the DTLs and Tier 1 RBTLs, MDNR as&d conservative values to these

parameters as shown in Table B-4. For Tier 2 am B risk assessments, these
parameters may be assigned site-specific valuesilmasdata collected from the site.
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Please note: When collecting site-specific geoteehndata (i.e., volumetric water

content, fractional organic carbon, bulk densityd @orosity), careful consideration must
be given to the location of contaminants relativeeceptors and the effect of the specific
geotechnical parameter on transport of the contamito a receptor. For instance, to
develop SSTLs for the vapor intrusion pathway, gelical data from the soil zone
between the area of impact and the receptor (building foundation) is needed to

properly assess the degree to which volumetric wedatent and fractional organic

carbon impede the upward transport of vapors. Heweto develop SSTLs for the

leaching pathways, the geotechnical data of mdsvaace are from the zone below the
area of soil impact. These types of considerationst be kept in mind when collecting

and using geotechnical soil data.

In the event that circumstances at a site are shah the geotechnical properties
discussed below cannot be determined because gflisgmimitations, the evaluator
shall use appropriate, justifiable literature valu&Vhere such literature values cannot be
found or do not exist, the evaluator shall conMBINR’s Tanks Section.

5.6.1 Thicknessof Vadose Zone and Depth to Groundwater

The thickness of the vadose zone can be determirmd boring logs and is
representative of the distance from the groundaserto the top of the water table, not
including the thickness of the capillary fringe. e@h to groundwater is used in
estimating the vapor emissions from groundwater tmdletermine the vadose zone
dilution attenuation factor.

Where the water table fluctuates considerably, labvks data shall be evaluated to
determine whether the fluctuations are seasonalepresent a consistent upward or
downward regional trend. For sites with seasoh@kdations, average thickness of the
vadose zone (as determined by groundwater elevateasurements) must be used in
developing Tier 2 SSTLs. At sites with a consistegpward or downward water level
trend, the most recent data will be used to esértieg depth to groundwater.

Generally, collection of samples for the four paeters discussed below will require the
advancement of more than one boring or probe, dbBpgnon site conditions and

recovery volumes. Ultimately the number of borirmsprobes advanced to obtain
adequate samples for these parameters will beeasgcific decision of the driller and

environmental consultant based on professional resqee and judgment. Boring logs
must be detailed, accurate, and carefully reviewedch soil type must be identified and
geotechnical characteristics for that soil type ningsdetermined.

Note that in situations where undisturbed sampkamot practically be collected but
disturbed samples can be, samples should be ealléat those parameters not requiring
an undisturbed sample (i.e., fractional organidear gravimetric water content, and
particle density [a value required for determinpagosity]).
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5.6.2 Dry Bulk Density (g/cc)

Dry bulk density is the dry weight of a soil samplided by its field volume. An
accurate measurement of bulk density requires m@targ the dry weight and volume of
an undisturbed sample. An undisturbed soil congpga may be collected using a Shelby
tube, a thin-walled sampler, or an equivalent megthdhe sample must not be disturbed
prior to laboratory analysis.

Dry bulk density is estimated using the Americarci®ty for Testing and Materials
(ASTM) Method D2937-94, “Standard Test Method faerBity of Soil in Place by the
Drive-Cylinder Method.”

5.6.3 Porosity (cc/cc-soil)
Porosity is the ratio of the volume of voids to t@ume of the soil sample. Many

laboratories use dry bulk density and specific gyato calculate porosity using the
following:

n=1-m/0s (5-1)
where,
n = porosity (cc/cc)
A = dry bulk density (g/cc)
Ps = specific gravity or particle density (g/cc).

Thus, specific gravity and dry soil bulk densitg aeeded to estimate porosity.

The “Standard Test Method for Specific Gravity @il3 ASTM Method D854, may be
used to determine specific gravity. If specifiagty or particle density is not available,
then 2.65 g/cc can be assumed for most mineras.sdlote, however, that use of this
value must be justified.

If a site-specific porosity value cannot be detee literature values consistent with the
site lithology may be used, provided the sourcefs)the value(s) is cited and
appropriately justified. Where the total and effeet porosities differ, the effective
porosity value must be used.

5.6.4 Volumetric Water Content/M oisture Content (cc/cc)

Volumetric water content is the ratio of the voluokwater to the volume of soil.

ASTM Method D2216-92, “Standard Test Method for dediory Determination of

Water [Moisture] Content of Soil and Rock,” is aagmetric oven drying method that
may be used to measure the water content of varmse soils. However, the water
content value used in most models is the volumetrater content. Hence, if a
gravimetric method is used to measure water contieatfollowing conversion equation
should be used to obtain the volumetric value:
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g, =6, x> 5-2
w =% X, (5-2)
where,
8w~ =  volumetric water content (cc water / cc soil)
8w =  gravimetric water content, typically reportedthg laboratory
(g of water/ g of soil)
M = dry bulk density (g of dry soil/cc of soil)
A = density of water (g/cc).

Multiple samples from across the site and at varylapths must be analyzed for water
content to estimate a representative water corvahie for the vadose zone. To
accomplish this, each soil sample analyzed formneore COCs must be analyzed for
water content; since the lab must provide COC cainagons on a dry weight basis,
water content data are readily available for them@ples. In addition, water content
values representative of each of the lithologidsuthat comprise the vadose zone must
be determined.

Water content data should be carefully reviewedrpo being used to calculate Tier 2
SSTLs. The VWC of a sample cannot exceed the figraisthat same sample or another
sample collected from the same soil. If the latmgareport indicates this to be the case,
the consultant should make inquiry of the lab ttedaine which value is in error.

Refer to Subsection 5.8 for developing a samplilag.p Because VWC varies over time
most significantly in surficial soil, VWC data sHdwnot be collected from surficial soil
(i.e., 0 — 3’) except when the foundation of arsérg building is less than 3’ deep.

5.6.5 Fractional Organic Carbon Content in Soil (g-C/g-soil)

Fractional organic carbon (FOC) content is the Wweigf organic carbon in the soll
divided by the weight of the soil and is expressihler as a ratio or as a percent. FOC
must be determined using soil samples not impdayquetroleum or other anthropogenic
chemicals. Therefore, FOC samples must be cotlicten soil borings or probe holes
away from areas of contamination. Prior to collegtsamples for FOC analysis, a PID
reading should be taken to confirm that the sarhpkenot been impacted by petroleum
products or other anthropogenic contaminants. Aaltemnative, lab data from the same
boring or a nearby boring may be used to confirat tontamination is not present.

Unless drinking water or vapor intrusion risks being evaluated at a point of exposure
outside the area of impact and the saturated zaseahdifferent type of soil than the
vadose zone, no soil samples from the saturateel zead be collected for FOC analysis.

Data from multiple borings or probe holes from nowpacted locations are required to

accurately determine FOC for the site. In addijtionltiple samples from each boring or
probe hole may be required if there are differgpes of soils in the vadose zone.
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Prior to shipping samples to the lab for analysishsamples of the same soil type
collected from different borings or probes may lmnbined into a single composite
sample for laboratory analysis. For instancehié¢ different soil types underlie a site
and a sample of each is collected from four difiet@orings, the samples from each soll
type may be combined into a single composite sarfgl¢hat soil type. This would
result in three samples for FOC analysis rathar thelve.

Fractional organic carbon content may be estimatedg the Walkley Black Method
(Page et al., 1982) or the method outlinedatermination of Total Organic Carbon in
Sediment (LIoyd Kahn Method), July 27, 1988, a copy of which is found at thd ehthis
section of the guidance, or a similar method. Hewesome labs may not be familiar
with these methods. If the lab is not equippeddaduct either of these methods, an
alternative, though less preferred, method is ASWIdthod 2974 $tandard Test Method

for Moisture, Ash, and Organic Matter of Peat and Other Organic Soils). Method 2974
measures the organic matter content of a sampleenWsing the method, the result must
be divided by 1.724 to get fractional organic carlbontent. If the laboratory results are
reported as a percent, fractional organic carbartert may be obtained by dividing by
100. The FOC analytical method must be identifiredhe site characterization report
submitted to MDNR.

FOC analytical data should be carefully revieweidrio being used to calculate Tier 2
SSTLs and prior to submission to MDNR. Data intiga unexpectedly high FOC
should be verified through discussion with the giedl laboratory and, if warranted, via
collection and analysis of additional samples.

5.7 SATURATED ZONE CHARACTERISTICS

COCs that reach the water table primarily travefizumtally in the saturated zone.
Vertical transport is also possible when a vertgadient exists between shallow and
deeper saturated zones. Saturated zone characsetimt determine the travel time for
the COCs as well as the travel direction include:

. Horizontal hydraulic conductivity,

. Hydraulic gradients (magnitude and direction),

. Saturated zone soil characteristics (fractionalaoig carbon content, porosity,
and bulk density), and

. Occurrence and rate of biodegradation.

Of the four characteristics mentioned above, thetnmoportant aquifer properties are
horizontal hydraulic conductivity and hydraulic drent. Each of these is discussed
below, along with a brief discussion regardingc¢heillary fringe.

Note that quantification of the above charactersswill be required only at sites where it
is necessary to quantify the movement of waterher COCs by using a model. If a
guantitative evaluation is not necessary, a quaigainderstanding of these parameters is
sufficient.
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5.7.1 Hydraulic Conductivity (cm/sec)

Hydraulic conductivity is the discharge of water peit area per unit hydraulic gradient
in a subsurface formation. Reliable estimates wfgpecific hydraulic conductivity can
be obtained by pump tests or slug tests. In tlserade of these tests, literature values
corresponding to the type of soil in the saturatede may be used. When a literature
value is used, adequate reference and justificétiothe value chosen must be provided.
When using literature values, all predominant $gples composing the saturated zone
must be considered. Hydraulic conductivity maydbe estimated based on the grain
size distribution of the porous formation.

5.7.2 Hydraulic Gradient (cm/cm)

The magnitude and direction of the hydraulic gratis estimated by comparing water

levels measured in monitoring wells across a site.contour map shall be prepared,

either manually or using a computer program, ugialgl measured water level data.

These contour maps can be used to estimate botHitbetion and magnitude of the

hydraulic gradient. When drawing the contour magase shall be taken to ensure that
measurements from monitoring wells screened irséime interval or hydrologic unit are

used. For sites where wells are screened in nreiltipnes, a contour map for each zone
shall be developed. For sites that have seasaration in hydraulic gradient and/or

predominant flow direction, estimate the averagerawylic gradient for each season and
each flow direction.

At sites where a “deeper” groundwater zone is wsed water supply, vertical gradients
must be determined by comparing water levels im@ajt wells screened in different
intervals. MDNR will consider exceptions to thexjuirement on a site-specific basis.

5.7.3 Thickness of Capillary Fringe (cm)

The capillary fringe is the zone immediately abdhe saturated zone where capillary
attraction causes upward movement of water molsduten the saturated zone into the
soil above. This zone is distinct in that it hdmmcteristics of both the vadose and
saturated zones. For purposes of the MRBCA prodhssthickness or height of the

capillary fringe must be measured or a default #alised. Because accurate field
measurement of the thickness of the capillary &imgn be difficult, literature values

based on the soil type immediately above the watgle may be used to assign a site-
specific value for the capillary fringe thickness.

5.7.4 Saturated Zone Soil Characteristics

The saturated zone soil characteristics includdifraal organic carbon content, porosity,
and bulk density. These parameters are requirabtimate the retardation factor that
“slows” the movement of chemicals within the satedazone and are also useful when
estimating future concentrations using models timelude a finite source and/or

biodecay. Laboratory methods to measure theseneéeas are discussed in Section 5.6.
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5.7.5 Occurrence and Rate of Biodegradation

By measuring several indicators (chemical concéntrg, geo-chemical indicators,

electron acceptors, microorganisms, carbon dioxete,), the occurrence of natural
attenuation can be measured at a site. Theseatndiccan be broadly classified into
three groups: (i) primary, (ii) secondary, and) g@rtiary lines of evidence. The collection
of biodegradation data need not occur at every sgenerally, this data will be required

only when biodegradation is a principal elementhef RMP. Data collected under each
line of evidence is used to qualitatively evaluse occurrence of biodegradation.

. The primary line of evidence is developed by derratiag that reductions in
chemical concentrations are occurring at a site tii@ evaluation of COC
concentrations in groundwater. The primary lineseidence is best determined
by (i) plotting concentrations of COCs as a funttad distance along the plume
center line, (ii) plotting concentrations of CO@seiach well as a function of time,
and (iii) comparing COC concentration contour mapgarious times.

. The secondary line of evidence involves measurieg-chemical indicators
including (i) dissolved oxygen, (ii) dissolved mites, (iii) manganese, (iv) ferrous
iron, (v) sulfate, and (vi) methane. These indicatshall be measured in at least
three wells located along the plume flow line. Thells must be located to
represent conditions at (i) a background or upgradocation, (ii) an area within
the plume near the source, and (iii) an area wittnplume downgradient of the
source. Developing a secondary line of evidenagetessary when the primary
line of evidence is inconclusive, or when such iinfation is necessary to design
a remedial system (e.g., the addition of oxygen).

. Developing a tertiary line of evidence involves ritdfying and quantifying
microorganisms within and near the plume via therfgpmance of
microbiological studies. A tertiary line of evidenis seldom developed at
petroleum hydrocarbon impacted sites. MDNR hasidothat, in most cases,
microbial populations at sites having petroleumtaomnation are adequate.

The commonly used methods to estimate biodegradaticlude (i) mass balance
analysis for expanding, stable, or shrinking plunaesl (i) plume concentration vs.
distance plots.

At most UST/AST sites, the development of secondemy tertiary lines of evidence is
usually not necessary. However, at most sitesyrglwater sampling data should be
plotted to evaluate temporal trends. These treadisbe used to determine whether the
plume is expanding, stable, or decreasing. MDNR watuire that the groundwater
plume be stable or decreasing prior to issuing d&dtther Action (NFA).
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5.8 DISTRIBUTION OF COCsIN SOIL

The objective of soil characterization is to (ilideate the extent of site-related COCs,
(i) compare representative concentrations, or, dorficial soil at a residential site,

maximum concentrations, for each complete pathwaie target levels, and (iii) define

the area of release in the event that fate andpgmhmodeling is necessary.

Within the MRBCA program, distinction is made beémesurficial soil and subsurface

soil. Surficial soil is defined as soil extendifrgm the surface to 3 feet below the

ground surface (bgs). Subsurface soil is defireedadl that extends from 3 ft bgs to the
top of the water table. A key difference betwearfaxe and subsurface soil is that, for
surficial soil, the direct contact pathway (ingesti dermal contact, and inhalation of
vapors and particulates) is considered complete bioth the residential and non-

residential receptors. For the subsurface sa8, jathway is considered incomplete for
the subsurface soil except for the constructionkeowho may be involved in excavation

activities below the surficial zone and hence camdirect contact with subsurface soil.

In fact, for the construction worker, no distincties made between the surface and
subsurface soil.

Because of the differences in exposure pathwayssididiace and subsurface soils, an
adequate number of soil samples from each zonadchlag collected to meet the soil

characterization objectives listed above. Sufffis@l (as well as subsurface soil) may
include fill material - the distinction between fage and subsurface soil is one of depth
rather than composition.

Note that, when volatile organic compounds (VOGs8)@OCs at a site, soil samples for
VOC analysis must be collected and analyzed inrdectwe with SW-846 Method 5035.

The following discussion is intended to assist ffe¥son conducting the work in
determining where soil samples shall be collected.

5.8.1 Ddineation Criteria, Area of Release, and Point of Release

The underlying basis of delineation is that cheimio@acts at a site should be delineated
to levels that are protective of human health dred énvironment. To the extent that
COC concentrations protective of human health dred énvironment depend on the
complete routes of exposure, the delineation caitelepend on land use. Because
delineation is necessary to develop risk-basecktdeyels, some iteration in delineation
sampling may be necessary.

The delineation criteria are the lowest MRBCA TIeRBTLs for each media. For soils
these levels depend on the land use (residentiahass-residential). Note that target
levels for surface soils (0-3 ft bgs) are differdrdn target levels for subsurface soils (>3
ft bgs). Note also that, when delineation critenia lower than the Required Reporting
Limits (RRLs) listed in Table 5-3, the RRLs or,|dwer, the detection limits of the
laboratory conducting the analysis, shall be careid as the delineation criteria.
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As applicable, the Tier 1 values in Table 7-1, 7/2(a), 7-4(b), 7-4(c), or 3-1 may be
used as delineation criteria. If the Tier 1 tarlgstels change, MDNR may adjust the
delineation criteria.

To determine a site’s applicable delineation datethe following steps are necessary:

Step 1: Develop a land use map and determine what land (residential or non-
residential) apply to on and off-site propertiesfér to Sections 5.5.1 and 5.5.2, and
Figure 5-2).

Step 2:  Determine whether the groundwater ingestion payhwaomplete (under both
current and reasonably anticipated future use ef gloperty) for the zones where
groundwater is or will be impacted (refer to Settf3).

Step 3: Based on the above steps, select soil delinesiels for the COCs listed in
Table 5-1 that are applicable to the site.

As discussed in Section 5.3.3, COCs depend on ribtupt released. While, typically
benzene, methyl tert-butyl ether (MTBE), and topatroleum hydrocarbon-gasoline
range organic (TPH-GRO) will be the primary drivedglineation is required for all
applicable COCs.

A few examples for determining delineation criteara presented below:

. If the land use both on-site and off-site is nosidential, use non-residential
delineation criteria.

. If the land use both on-site and off-site is resti#, use residential delineation.

. If either the on-site or the adjacent off-site largk is residential, use residential

delineation criteria.

Once the delineation criteria have been establighedhumber of samples to be collected
horizontally and vertically depends on the aresetdase and the point of release. These
terms are defined below:

Area of Release: The vadose zone area throughvpigitoleum product migrated from
the point of release to the capillary fringe and thater table below. In the area of
release, COC concentrations are elevated in theseadone below the point of release
and laterally where the petroleum migrated throtinghsoil.

Point of Release: This is the specific locationhivitthe area of release at which
petroleum product was released to the environmdiypical points of release include
holes in USTSs, pipe joints or connections, pumandlconnections, AST spill drains, and
fill ports.

Professional judgment is frequently required ired®ining the point of release.
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5.8.2 Determining Area of Release

Step 1: Initially, review site information and site hisyoto make reasonable judgments
about the area(s) of release. Within each arealedse, identify the point of release and
locate a boring at this point. If the point ofe@$e within an area cannot be determined,
locate the boring near the center of the releasa. aif the point of release is an active
tank or piping run, locating a boring immediatetijacent to the tank or piping might not
be practical for safety reasons. In such casesatdahe point of release boring as close
to the tank or piping run as is safely possible

Step 2:  From the point of release identified in Step gpsbut 25 feet in four opposing
directions (e.g., south, north, east, west or sagt northwest, northeast, southwest,
etc.) and install 4 more borings. While installiegch boring, screen soil samples
continuously with a PID to determine whether or tfwg boring is within the area of
release. This step will require professional judghof field screening results (e.g., PID
readings, evidence of soil staining, perceptionodbrs, etc). If the results of field
screening indicate that one or more of the borargsstill within the area of release, step
out in the same direction another 25 feet frompbmmt of release boring (i.e. it will not
be necessary to step out in all directions) anthiihanother boring, screening the core
samples as the boring is advanced. Continue poatein this manner until borings are
outside the release area in all directions. Ushmggprotocol, some borings will be within
the area of release and some will not. Note thegiending on the distance from the point
of release to the edge of the area of releasetiaadal borings might be needed to
provide data for the areas between the step-ouhd®r The number of soil samples
collected in each boring shall be determined devd.

Soil Sampling at the Point of Release

To determine the vertical extent of COCs at eaaimboor probe advanced at a point of
release, four soil samples shall be collecteddbotatory analysis as follows:

. In each boring or probe, continuously conduct fistdeening (using a PID for
releases of gasoline and PID and sight and smehlidavier petroleum products).
Continue field screening, below the water tablee€essary, until PID readings at
two consecutive intervals are at or below backgddenels.

. Collect one soil sample from the 0 to 3’ intervat (he point of release, this
sample is collected regardless of field screenasgits).
. Collect one sample from the interval between 3’ #mltop of the water table,

choosing the sample from the interval where fi@lickaning indicates COC levels
are at their maximum.

. Collect one sample at the interface of the vadosesaturated zones i.e., within
the capillary fringe.
. Collect one sample below the water table from ttierval where field screening

indicates COC levels are at their maximum.

L All borings and probe holes 10 feet deep or derpest be properly plugged in accordance with 10 CSR
23-4.
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At sites where bedrock is encountered before regdhie water table, collect a sample at
the soil/bedrock interface.

Borings Away from Point of Release but within Ai@aRelease

Borings or probes advanced away from the poinekdase but within the area of release
should be sampled as discussed above for the pobietease, except that a sample need
not be collected from the 0 to 3’ interval unlessd screening indicates COC levels are
elevated in the interval.

Borings Outside the Area of Release

Soil samples for laboratory analysis will be calét from soil borings and borings
advanced for monitoring wells outside of the areeelease as follows:

. Collect one sample at the interface of the vadasesaturated zones.

. Collect one sample below the water table from ttierval where field screening
indicates COC levels are at their maximum.

. Collect one sample from the interval between 3’ #mael top of the water table

only if field screening indicates that elevated C@@els exist in the interval
(contamination detected in this zone generally redie boring remains within
an area of release).

At sites where bedrock is encountered before regdhie water table, collect a sample at
the soil/bedrock interface.

5.8.3 Sampling for Polynuclear Aromatic Hydrocarbons (PAHS) in Soil

As indicated in Table 5-1, analysis of all soil g#@s for naphthalene is required for all
petroleum types, including gasoline; however, asialyor other PAHs is only required
when it is known that diesel fuel, jet fuel, kenosgheavy fuel oils, or waste oil were
released, or when the type of petroleum releasedkisown.

The following are required for all PAHs except ntyattene:

* PAH analysis for all surficial soil samples in whi€tPH-DRO or TPH-ORO is
detected at a concentration above the laboratdsctien limit or the RRL,
whichever is lower.

* PAH analysis for a minimum of 25%, or two sampleBichever is greater, of all
subsurface soil samples in which TPH-DRO or TPH-OR@etected at a
concentration above the laboratory detection lonithe RRL, whichever is
lower. The samples that contain the highest canaons of TPH-DRO or TPH-
ORO must be the ones selected for PAH analysigpm:tbat two samples from
the same boring shall not be used.
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* PAH analysis for all samples containing TPH-DRO'BH-ORO at a
concentration above the detection limit or RRL, etigiver is lower, and which
will be used to assess construction worker expgsure

5.8.4 Ethylene Dibromide (EDB) and Ethylene Dichloride (EDC) in Soil

When the product released was or could have beamgréuel, aviation gas, or leaded
gasoline, soil samples must be analyzed for EDBEID@. To determine whether leaded
gasoline could have been released, MDNR will assgaseline sold after December 31,
1986 was unleaded.

In these cases, Method 8260B or Method 8260B-SIdlle@ed lon Monitoring) shall be
used, unless another method having detection liamits below applicable target levels is
approved by MDNR.

5.8.,5 Soil Sampling and Analytical M ethods

All soil sampling must be performed in accordandth whe following procedures:

. Soil borings must be extended to the water tabl® ar specified depth, not less
than 20 ft bgs, if water is not encountered andaictp are not observed; this
assumes one does not encounter refusal at a skalimpth.

. Field screening shall be conducted at interval® @f no more than 5 feet.

. Soil borings shall be logged . The logs at Fig&€a) and (b) or an equivalent
shall be used.

. Samples must be collected, preserved, and analyithoh proper holding times
in accordance with the methods presented in Talileexcept as follows:

o Samples to be analyzed for volatile COCs must leated in accordance
with SW846 Method 5035 unless a comparable altemanethod is
approved by MDNR. When using Method 5035, if thealgzing
laboratory purges samples at a temperature equal &bove 80 degrees
Celsius, the sample must be preserved using ditisedium phosphate
dodecahydrate (TSP) followed by refrigeration oriodzed water
followed by freezing. Preservation must not resulthe loss of volatile

COCs.
. Adequate quality assurance/quality control (QA/@@)cedures must be utilized
to ensure sample quality and integrity.
. QA/QC samples shall include surrogate and spikevery and trip blanks

whenever possible. The samples must not be cadsiminated by drilling fluid
or by drilling or sampling procedures.

. For samples requiring preservation by refrigerattbe chain of custody form for
the samples must indicate the temperature at whiglsamples were received by
the laboratory. MDNR may reject data for sampbeeived by the laboratory at
temperatures above 6°C.
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. All sampling equipment must be decontaminated udtiRA and standard
industry protocols.

. A chain of custody form must accompany all samplascopy of the completed
chain of custody must be submitted with all laborgatanalytical reports. MDNR
will not accept laboratory data that is not acconipa by a corresponding chain
of custody.

59 DISTRIBUTION OF COCsIN GROUNDWATER

An adequate number of groundwater samples shaiblbected to definitively delineate

the extent of dissolved contaminant plumes in a#adions and to allow representative
COC concentrations to be calculated based on thmosexe model. Soil source
delineation should serve as a guide in choosindpitegion of monitoring wells.

5.9.1 Dedlineation of Groundwater Contamination

The delineation criteria for groundwater dependurether the groundwater pathway for
ingestion is complete or incomplete based on cenattbn of current and potential future
ingestion of the groundwater. Where the groundwaaghway for ingestion is complete,
delineation criteria will be the lower of (i) theaximum contaminant levels (MCLSs) (in

the absence of MCLs, risk-based concentrations dbstime ingestion of groundwater
and inhalation of vapors due to indoor water usa)d (ii) land use-dependent
concentrations protective of indoor inhalation.

For groundwater where the groundwater ingestiohvpay is incomplete, the delineation
criteria are based on the protection of indoor lath@n. The indoor inhalation-protective
values depend on whether the land use is residlentren-residential.

Delineation of groundwater contamination shouldrbaccordance with the following:

. At sites where groundwater is, or is reasonablglyiko be, used as a source of
drinking water, investigations must delineate theteet of groundwater
contamination to the applicable MCLs or other ralgvstandards protective of
drinking water or indoor inhalation of vapors, wéwver are lower

. If the groundwater ingestion pathway is incompletieboth residential and non-
residential sites, investigations must delineataugdwater contamination to the
groundwater target levels protective of land usecs indoor inhalation.

5.9.2 Groundwater Sampling and Analytical M ethods

If groundwater has been contaminated by COCs, tesmpgampling points may be used
to screen for groundwater contamination and tesagsidetermining the optimal location
of monitoring wells. A sufficient number of monileg wells shall be installed to fully
define the groundwater plume and allow the directaf groundwater flow to be
determined. Monitoring wells 10 feet deep and deepust be installed in accordance
with 10 CSR 23-4, and the following procedures:
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An adequate number of monitoring wells must beaifet to sufficiently
delineate the horizontal and vertical extents @& gnoundwater plume and the
direction of groundwater flow. At a minimum, oneonitoring well must be
installed in the source area, one upgradient of dberce area, and another
downgradient of the source area.

Well placement and design shall consider the canagon of COCs in the source
area and the occurrence of light non-aqueous gltpsds (LNAPLS) at the site.

Well casing and screen materials must be propeslgcted. The top of the
screened interval must be set at least 2-3 feetg@bly 5 feet) above the water
table, unless the water table is within 3 feethef ground surface.

Wells must be properly developed and gauged afttaliation.
A site survey must be conducted to establish whkdlagions and, by that,

groundwater elevations. Based on the groundwéteagons, groundwater flow
direction and gradient shall be determined andgudodbn a map of the site.

Groundwater samples must be collected in accordaitbethe following guidelines and
procedures:

Monitoring wells must be purged an adequate nunobevell volumes prior to
collecting a sample, unless a no-purge or low psgagapling technique has been
approved by MDNR.

Samples must be collected utilizing US EPA apprawethods and equipment.

Samples must be adequately preserved accordingpetorequirements of the
laboratory analyses and extracted within holdingie8 specified for each
analytical method.

Water samples to be analyzed for MTBE or the othgigenates listed in Table
5-1 must be preserved with trisodium phosphate catdglrate (TSP), followed
by refrigeration, or by deionized water followed fiogezing, unless the analyzing
laboratory purges samples at a temperature belodegfees Celsius.

For samples requiring preservation by refrigeratibe chain of custody form for

the samples must indicate the temperature at vihelsamples were received by
the laboratory. MDNR may reject data for sampeseived by the laboratory at
temperatures greater than 6°C.

Sample analyses must be conducted in accordanbewitent MDNR analytical
requirements and US EPA Office of Solid Waste amdefency Response
SW846 Methods. Refer to Table 5-1 for a listingtleé required analytical
methods.
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Adequate QA/QC procedures must be utilized to ensample quality and
integrity. QA/QC samples shall include surrogatgke recovery, field blanks,
and trip blanks.

All sampling equipment must be decontaminated usi®) EPA and industry
standard protocols.

A chain of custody form must accompany all samplascopy of the completed

chain of custody must be submitted with all laborgatnalytical reports. MDNR

will not accept laboratory data that is not acconige by a corresponding chain
of custody.

In most cases, for the first year after well instadn, quarterly samples will be

required. Subsequent monitoring schedules shoaildesigned and proposed to
MDNR as part of a site characterization or corkectction plan, with a defined

objective and timeframe.

5.9.2.1 Sampling Groundwater for PAHs

As indicated in Table 5-1, analysis of all grountevaamples for naphthalene is required
for all petroleum types, including gasoline; howevanalysis for other PAHs is only
required when it is known that diesel fuel, jetlfierosene, heavy fuel oils, or waste oll
were released, or when the type of petroleum reteesunknown.

The following are required for all PAHs except ntqatene::

Samples in which the concentration of TPH-DRO orHI®RO is below the
laboratory detection limits or the RRLs in Tabl& 5whichever are lower, need not
be analyzed for PAHS;

A minimum of 25%, or two, whichever is greater, ggbundwater samples having
detectable TPH-DRO or TPH-ORO shall be analyzedPfaHs. Samples selected
for PAH analysis shall be those that contain tlghést concentrations of TPH-DRO
or TPH-ORO; and

All groundwater samples that will be used to assesstruction worker exposure and
which contain TPH-DRO or TPH-ORO at a concentratibove the detection limit or
RRL, whichever is lower, must be analyzed for PAHSs.

In certain cases where the solubility of PAHs issoexpected to be increased due to the
presence of other contaminants in soil and/or gieouater, a greater number of
groundwater samples than specified above may relee analyzed for PAHS.
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5.9.2.2 Ethylene Dibromide (EDB) and Ethylene Dichloride (EDC) in Groundwater

When the product released was or could have beamgréuel, aviation gas, or leaded
gasoline, and there is a complete exposure patfavalomestic use of groundwater,
groundwater samples must be analyzed for EDB an@d.EDo determine whether leaded
gasoline could have been released, MDNR will assgaseline sold after December 31,
1986 was unleaded.

In these cases, Method 8011 shall be used to an&tyzEDB and Method 8260B or
Method 8260B-SIM (Selective lon Monitoring) sha# bsed to analyze for EDC, unless
other methods having detection limits at or belgpleable target levels are approved
by MDNR.

5.9.3 Determination of Plume Stability

To assess plume stability, groundwater monitoringstmbe conducted for a period of
time sufficient to show a reliably consistent treandontaminant concentrations. For the
MRBCA process, such trend must be apparent oveordtaning period of one to three
years, with samples collected on at least a gupathesis. The default assumption is that
two years of data will be necessary to make a detation of plume stability, however,
in cases where one year of monitoring is suffictlentiemonstrate a clearly declining or
stable plume, no further monitoring will be requireln some cases where two years of
monitoring does not clearly show a stable or dewjjrplume, additional data may be
required. Greater than three years of monitoriitaut a conclusion of stability would
indicate that the plume is not stable.

Groundwater monitoring for the purpose of evaluamiume stability must be conducted
under a work plan approved by MDNR.

510 SURFACE WATER AND SEDIMENT SAMPLING

MDNR may request the collection of surface waten@as when site investigation data
shows or suggests that COCs have migrated to acsurfater body. Such sampling
must consider the representativeness of the samplflesegard to the flow conditions.

Water samples shall be collected both upstreamdamchstream of each groundwater
discharge point. If one or more discrete dischgrgmts cannot be identified even
though the data indicates that contaminated groatetws discharging to surface water,
the point of discharge shall be determined basedava pertaining to groundwater flow
direction and the horizontal, lateral, and vertesent of the plume.

In addition, the collection of sediment samples rbhayrequired by MDNR if warranted

by site conditions. If site investigation data wlkoor suggests that contaminated
groundwater is discharging to a surface water bedgiment samples must be collected
from the affected surface water body. The evalusttall compare the sediment sample
data with sediment standards protective of humaittihend ecological receptors that can
be obtained from literature (refer Section 6.6)evelop site-specific levels. The latter
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would be considered a Tier 3 activity and woulduiegja pre-approved work plan. Refer
to Section 6.4 for further guidance regarding thalw@ation of surface water.

511 SOIL VAPOR SAMPLING

For sites where soil and/or groundwater concewnimatexceed the Tier 1 RBTLs for the
vapor migration to indoor air pathway, soil vapoonitoring can be conducted at either
Tier 1 or Tier 2 to quantify COC concentrationstire vapor phase in soil. See
subsection 6.1.3.1 and Appendix C.

512 LABORATORY QA/QC

Laboratory analytical data must be accompanied A}QQ sample results. The required
QA/QC samples include a method blank, a laboratontrol sample, a matrix spike, and
a duplicate/spike duplicate. Instrument perforneasamples such as internal standard
and surrogate recovery samples must be includetthandata package.Laboratories
having National Environmental Laboratory Accreddat Program (NELAP)
accreditation need not submit full internal QA/QE&tal packages with their analytical
data, however the above mentioned QA/QC samplerdasi be submitted.

The laboratory must ensure that the portions ottten of custody form relevant to the

laboratory are completed and that the completethafacustody form accompanies all
data packages.
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Determination of Total Organic Carbon in Sediment
(Lloyd Kahn Method)
July 27, 1988

Prepared by: Lloyd Kahn, Quality Assurance Specialist

Affiliation: U.S. Environmental Protection Agency, Region II
Environmental Services Division
Monitoring Management Branch
Edison, New Jersey 08837
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Determination of Total Organic Carbon in Sediment

1. Scope and Application

1.1

1.2

1.3

1.4

1.5

This method describes protocols for the determination of organic carbon in ocean
sediments.

Although the detection limit ma vary with procedure or instrument, a minimum
reporting value of 100 mg/kg will be required for the ocean dumping/dredging
program.

Several types of determinations, which are considered equivalent are presented.

Data are reported in mg/kg on a dry weight basis.

Wet combustion methods are not considered to be equivalent to the pyrolytic
methods herein described.

2. Summary of Method

2.1

2.2

23

Inorganic carbon from carbonates and bicarbonates is removed by acid treatment.

The organic compounds are decomposed by pyrolysis in the presence of oxygen
or air.

The carbon dioxide that is formed is determined by direct nondispersive infrared
detection, flame ionization gas chromatography after catalytic conversion of the
carbon dioxide to methane; thermal conductivity gas chromatography, differential
thermal conductivity detection by sequential removal of water and carbon
dioxide; or thermal conductivity detection following removal of water with
magnesium perchlorate.

3. Sample Handling and Preservation

3.1

Collect sediments in glass jars with Teflon or aluminum foil. Cool and maintain
at 4°C. Analyze within 14 days.

4. Interferences

4.1

4.2

Volatile organics in the sediments may be lost in the decarbonation step resulting
in a low bias.

Bacterial decomposition and volatilization of the organic compounds are
minimized by maintaining the sample at 4°C, analyzing within the specified
holding time, and analyzing the wet sample.
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5. Apparatus

5.1 Drying oven maintained at 103°-105°C.
5.2 Analytical instrument options:
5.2.1 Perkin Elmer Model 240C Elemental Analyzer or equivalent.

5.2.1.1 In this instrument, the sample from Section 7.2 is pyrolyzed under pure oxygen,
water is removed by magnesium perchlorate and the carbon dioxide is removed
by ascarite. The decrease in signal obtained by differential thermal conductivity
detectors placed between the combustion gas stream before and after the ascarite
tube is a measure of the organic carbon content.

5.2.2 Carlo Erba Model 1106-CHN Analyzer or equivalent.

5.2.2.1 In this apparatus, the sample is pyrolyzed in an induction type furnace, and the
resultant carbon dioxide is chromatographically separated and analyzed by a
differential thermal conductivity detector.

5.2.3 LECO Models WR-12, WR-112, or CR-12 carbon determinators or Models 600
or 800 CHN analyzers.

5.2.3.1 In the LECO WR-12, the sample is burned in a high frequency induction furnace,
the carbon dioxide is selectively adsorbed at room temperature in a molecular
sieve. It is subsequently released by heating and is measured by a thermal
conductivity detector. The WR-112 is an upgraded WR-12 employing
microprocessor electronics and a printer to replace the electronic digital
voltmeter.

5.2.3.2 In the LECO CR-12 carbon determinator, the sample is combusted in oxygen,
moisture and dust are removed by appropriate traps and the carbon dioxide is
measured by a selective, solid state, infrared microprocessor and the carbon
content is displayed on a digital readout and recorded on an integral printer.

5.2.3.3 In the LECO CHN-600 and CHN-800 elemental analyzers, the sample is burned
under oxygen in a resistance furnace and the carbon dioxide is measured by a
selective infrared detector.

5.2.4 Dohrman Model DC-85 Digital High Temperature TOC Analyzer
5.2.4.1 In this instrument, the sample is burned in a resistance furnace under oxygen, the
interfering gases are removed by a sparger/scrubber system and the carbon

dioxide is measured by non-dispersive infrared detectors and shown on a digital
display in concentration units.
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53

5.3.1

532

533

54

6. Reagents

6.1

6.2

6.3

6.4
7. Procedure

7.1

7.2
7.3

7.3.1

7.3.2

No specific analyzer is recommended as superior. The above listing is for
information only and is not intended to restrict the use of other unlisted
instruments capable of analyzing TOC. The instruments to be used must have the
following specifications:

A combustion boat which is heated in a stream of oxygen or air in a resistance or
induction-type furnace to completely convert organic substances to CO, and

water.

A means to physically or by measurement technique to separate water and other
interferants from CO.,.

A means to quantitatively determine CO2 with adequate sensitivity (100 mg/kg),
and precision (25% at the 95% confidence level as demonstrated by repetitive

measurements of a well mixed ocean sediment sample).

A strip chart or other permanent recording device to document the analysis.

Distilled water used in preparation of standards and for dilution of samples should
be ultra pure to reduce the carbon concentration of the blank.

Potassium hydrogen phthalate, stock solution, 100 mg carbon/liter: Dissolve
0.2128 g of potassium hydrogen phthalate (Primary standard Grade) in distilled
water and dilute to 100.0 ml.

Potassium hydrogen phthalate, standard solutions: prepare standard solutions
from the stock solution by dilutions with distilled water.

Phosphoric acid solution, 1:1 by volume.

Weigh the well mixed sample (up to 500 mg) into the combustion boat or cup.
Add 1:1 phosphoric acid drop-wise until effervescence stops. Heat to 75°C.

Analyze the residue according to the instrument manufacturer’s instructions.
Determine percent residue on a separate sample aliquot as follows:

Heat a clean 25 ml beaker at 103-105°C for one hour. Cool in desiccator, weigh
to the nearest mg and store in desiccator until use.

Add 1 g, weighed to the nearest mg, of an aliquot of the well-mixed sample.
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7.3.3  Dry and heat in the 103-105°C oven for 1 hour. Cool in desiccator. Weigh to the
nearest mg.

&. Calibration
8.1 Follow instrument manufacturer’s instructions.

8.2  Prepare calibration curve plotting mg carbon vs. instrument response, using 4
standards and a blank covering the analytical range of interest.

9. Precision and Accuracy:

9.1 The precision and accuracy will differ with the various instruments and matrices
and must be determined by the laboratories reporting the data. To initiate a
control chart, a representative sample of well-mixed sediment should be analyzed
15 times to determine the analytical precision. Set up a control chart showing 3
times the standard deviation limits for precision.

9.2 Subsequently during analysis of environmental samples, take one sample per
batch of 20 or less and run in quadruplicate. Calculate standard deviation and
report with initial control chart data.

9.3 If the sample being run in quadruplicate exceeds the 3 standard deviation limit,

identify error and rerun environmental samples in that batch alone with the
quadruplicate sample.
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LABORATORY ANALYSISFACT SHEET
TPH-GRO by Method 8260B

The Missouri DNR has adopted SW-846 method 8260fAemethod of choice for the
detection and quantitation of TPH-GRO. The follogvitems represent exceptions or
clarifications to the method as written.

Sample | ntroduction

1.

Samples are purged onto the GC/MS system usimgatcols specified in SW-846
method 5035 or 5035A.

Surrogates and internal standards specified byode8260B are added to water and
soil samples prior to purging. Since the surrofatromofluoromethane is not
related to compounds detected by this method,a$ admt have to be reported nor
does it have to meet any acceptance criteria.

Sample Analysis

1.

The GC/MS system is tuned to BFB tune criterigtish method 8260B, at the
frequency specified in method 8260B. Alternatiweing criteria as specified in
section 7.3 of method 8260B is also acceptabliragsas method performance is not
adversely affected.

The GC/MS operating conditions specified as guidancSection 7.3 of Method
8260B are acceptable.

A 5 point standard curve is used to quantitate TBRD. Quantitation is by external
standard.

The stock standard solution used to prepare cébloratandards is a mixture of
unleaded gasoline and Number 2 diesel fuel. Téeksolution and all calibration
standards use Methanol as the solvent. Each canpshould be at a concentration
of 1000 mg/L in the stock standard.

The lowest calibration standard should be at tpenteng limit for the method. The
highest calibration standard must not exceed ttealirange of the system.

Retention time windows are defined for TPH-GRO bglgzing a standard
containing C6 and C10. The retention time windowTPH-GRO is defined as
beginning 0.1 minutes before C6 to 0.1 minutes &tD. The standard containing
C6 and C10 must be analyzed every day samplesiatgzad in order to verify that
the retention time windows are constant.

Because the retention time window will be severautes wide for TPH-GRO, the
GC/MS data system may not accurately or appropyiatgablish the proper baseline
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for calibration or quantitation. The analystist visually examine the computer-
generated baseline for every analytical run, andually adjust the baseline when
needed. A properly drawn baseline must extend theentire retention time
window and include the area under the entire TPHOGRries of peaks. It it
appropriateto draw the baseline “peak to peak.”

8. Individual quantitation ions are not appropriadte TPH-GRO calibration and
quantitation. The Total lon Chromatogram (TIC) tnoes used to calculate the area
under the peak for TPH-GRO calibration and quatiitedeterminations over the
entire retention time window.

9. Area counts for the internal standards and suresgatded during sample preparation
must be subtracted from the total area count fad-GRO. This is accomplished by
subtracting the area count of the method blank fatireubsequent calibration and
analytical runs.

10.The %RSD for the calibration curve for TPH-GRO mustess than or equal to 20
percent, so that linearity through the origin carasumed and an average calibration
factor used for calculations.

11. A continuing calibration check verification stand4€CV) must be analyzed every
12 hours of sample analysis. The CCV must corakianalytes reported by this
method. The standard concentration should besahit-point of the calibration
curve. If the percent difference (%D) for the CGBVMess than or equal to 20%, the
initial calibration is assumed to be valid. If % is greater than 20%, corrective
action must be taken prior to sample analysis.

12. A method blank must be analyzed for every 20 sasmhalyzed. Additionally
minimum quality control samples per every 20 sasipielude a Laboratory Control
Sample (LCS) and Matrix Spike/Matrix Spike DuplegMS/MSD). ldeally, the
spiking solution(s) for the LCS and MS/MSD wouldchtain TPH-GRO, BETX,
chlorinated compounds, and oxygenates. It mayeaqossible however to have
every component in the spiking solution(s) for k@S and MS/MSD samples. ltis
acceptable to spike the LCS and MS/MSD with différ@mponents, as long as
TPH-GRO, BETX, chlorinated compounds, and oxygenate present in either the
LCS or the MS/MSD samples.

13. All of the BTEX, chlorinated compounds and oxyesaealyzed by 8260B are by
internal standard, using all criteria specifie@®260B. This includes the RSD
requirement of 15% for the compounds. If 15% RSRDat achieved, additional
calibration options specified in Method 8000B maydmployed.
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Should questions arise concerning TPH analysis bghivtl 8270C, feel free to contact
either of the following people:

Primary Contact:

Curt Lueckenhoff

Organic Chemistry Unit

Environmental Services Program

Missouri Department of Natural Resources
Phone: (573) 526-6972

E-Mail: curt.lueckenhoff @dnr.mo.gov
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LABORATORY ANALYSISFACT SHEET
TPH-DRO and TPH-ORO by Method 8270C

The Missouri DNR has adopted SW-846 method 8270@eamethod of choice for the
detection and quantitation of TPD-DRO and TPH-OR®e following items represent
exceptions or clarifications to the method as enitt

Sample Prepar ation

1. Samples are extracted by the appropriate matrinel@fSW-846 extraction methods
specified by Method 8270C.

2. Surrogates specified by method 8270C are addeaterwand soil samples prior to
extraction. Only the Base Neutral surrogates nedx added.

3. Internal standards specified by method 8270C adectb sample extracts
immediately prior to extract analysis. Only theemmal standards specified by 8270C
for the PAH compounds are required for analysisrandt meet the acceptance
criteria.

Sample Analysis

1. The GC/MS system is tuned to DFTPP tune critesigdi in method 8270C, at the
frequency specified in method 8270C. Alternatiweitg criteria as specified in
section 7.3.1.2 of method 8270C is also acceptablégng as method performance is
not adversely affected.

2. The DFTPP tuning standarsinot required to contain 4,4’-DDT, pentachlorophenol,
and benzidine to monitor injection port inertnesd &C column performance.

3. The GC/MS operating conditions specified as guidancSection 7.3 of Method
8270C are acceptable with the exception of maggeraiMass range should be
changed from 35-500 amu to 35-550 amu. This igired in order to quantitate and
detect C35.

4. A5 point standard curve is used to quantitate THRO and TPH-ORO.
Quantitation is by external standard.

5. The stock standard solution used to prepare cétioratandards is a mixture of
unleaded gasoline and Number 2 diesel fuel. Toeksttandard and all calibration
standards use Methylene Chloride as the solveath Eomponent should be at a
concentration of 1000 mg/L in the stock standard.

6. The lowest calibration standard should be at tpenteng limit for the method. The
highest calibration standard must not exceed ttealirange of the system.
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7. Retention time windows are defined for TPH-DRO @fH-ORO by analyzing a
standard containing C10, C21, and C35. The retenitne window for TPH-DRO is
defined as beginning 0.1 minutes after C10 to driutaes after C21. The window for
TPH-ORO is defined as beginning 0.1 minutes afzt © 0.1 minutes after C35.
The standard containing C10, C21, and C35 mushalyzed every day samples are
analyzed in order to verify that the retention tiwiadows are constant.

8. Because the retention time window will be severautes wide for both TPH-DRO
and TPH-ORO, the GC/MS data system may not acdurate@ppropriately establish
the proper baseline for calibration or quantitatidine analysmust visually examine
the computer-generated baseline for every analytica and manually adjust the
baseline when needed. A properly drawn baselirg extend over the entire
retention time window and include the area underethitire TPH-DRO or TPH-ORO
series of peaks. It ot appropriateto draw the baseline “peak to peak.”

9. Individual quantitation ions are not appropriaie TPH-DRO and TPH-ORO
calibration and quantitation. The Total lon Chréaggam (TIC) must be used to
calculate the area under the peak for TPH-DRO dMd-ORO calibration and
guatitation determinations over the entire retentime window.

10. Itis highly likely that the calibration standandsed for this method will have little
presence in the C21 to C35 window. The resporderfaalculated for the C10 to
C21 window must be used for the C21 to C35 window.

11. Area counts for the internal standards and suresgadded during sample preparation
must be subtracted from the total area count fdd-CRRO and TPH-ORO. This is
accomplished by subtracting the area count of tbthod blank from all subsequent
calibration and analytical runs.

12.The %RSD for the calibration curve for TPH-DRO amH-ORO must be less than
or equal to 20 percent, so that linearity throughdrigin can be assumed and an
average calibration factor used for calculations.

13. A continuing calibration verification standard (CCMust be analyzed every 12
hours of sample analysis. The CCV must contaiaralytes reported by this
method. The standard concentration should besaiitd-point of the calibration
curve. If the percent difference (%D) for all C€¥mpounds is less than or equal to
20%, then the initial calibration is assume to bkdv If the %D is greater than 20%,
corrective action must be taken prior to samplédysisa

14. A method blank must be analyzed for every extracgimup, with each extraction
group not to exceed 20 samples. Additionally mummguality control samples per
extraction group include a Laboratory Control Sa(ihiCS) and Matrix
Spike/Matrix Spike Duplicate (MS/MSD). Ideally gtlspiking solution(s) for the
LCS and MS/MSD would contain TPH-DRO, TPH-ORO, #émel PAH’s quantitated
by this method. It may not be possible howevdraee every component in the
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spiking solution(s) for the LCS and MS/MSD sampléds acceptable to spike the
LCS and MS/MSD with different components, as loeg®H-DRO, TPH-ORO, and
the PAH’s are present in either the LCS or the MSIMsamples.

15.1f a sample has a sufficient TPH-DRO or TPH-OROaamtration to require PAH
analysis, the same analytical run can be procesmg&idst a standard 8270C method
containing the PAH’s of interest.

16. All calibration and quantitation data for PAH argyis by internal standard, using
all criteria specified in 8270C. This includes 8D requirement of 15% for the
PAH compounds. If 15% RSD is not achieved, add#@i@alibration options
specified in Method 8000B may be employed.

Should questions arise concerning TPH analysis bthbd 8270C, feel free to contact
either of the following people:

Primary Contact:

Curt Lueckenhoff

Organic Chemistry Unit

Environmental Services Program

Missouri Department of Natural Resources
Phone: (573) 526-6972

E-Mail: curt.lueckenhoff @dnr.mo.gov
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MRBCA LABORATORY REQUIREMENTS

REQUIREMENTSFOR ALL ANALYSES

A.

Percent moi sture determinations must be performed on all soil samples using
either the ASTM oven drying method or the Karl Fisher method.

Method 5035 must be used for soil sample collection and analysis when
Volatile Organic Compounds are to be analyzed.

Appropriate standards must be analyzed by the instrumental conditions of
Method 8260B to allow the laboratory to complete the Gasoline Range
Organics (GRO) guantitations and Method 8270C to compl ete the Diesel
Range Organics (DRO) and Oil Range Organics (ORO) quantitations.

Specific quantitation ranges for the GRO, DRO, and ORO determinations are
defined in Table F-1 of the guidance document Missouri Risk-Based
Corrective Action Process for Petroleum Sorage Tanks, October 17, 2013.
The quantitation ranges are C6 through C10 for GRO, C10 through C21 for
DRO, and C21 through C35 for ORO.

ADDITIONAL REQUIREMENTS FOR SOURCE DETERMINATION

A.

At the direction of MDNR, in addition to the retention time fraction
determination, additional whole fraction standar ds must be analyzed with
either GC/MS or GC analysesto alow for both qualitative and quantitative
identification of the specific type of petroleum product present. Additional
standards include: gasoline, #1-#5 diesel, mineral spirits, kerosene, JP4, jet
fuel, motor oil, and hydraulic fluid.

Quantitation must be accomplished by summing areas of al compounds from
the retention time window of each standard that include the fraction pattern of
each petroleum product.

Results must be reported as ### pg/L as gasoline, ### png/L asdiesd, etc.

REPORTING REQUIREMENTS

A.

B.

All soil results must be reported as dry weights and clearly identified as such.

The method of moisture determination must be clearly identified and reported
along with the actual percent moisture result.

Source determination results must be reported asindicated in 11.C. above.

All other results must be reported as specified in the appropriate anal ytical
method.
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Type of
Product
Released
Known?

A 4

A 4

A 4

A 4

A 4

Gasoline Diesel / Light Product Jet Kerosene** Heavy Fuel Waste / Used
Fuel Oils** Fuel** Oils** Oil**
A 4 v v v A
_ Analyze for Analyze for Analyze for
Age of spill Analyze for BTEXN BTEXN Analyze for BTEXN,
before BTEXN, ' ' TPH-DRO, RCRA metals
%7 TPH-DRO TPH-DRO, TPH-DRO, TPH-ORO '
12/31/86*" TPH-ORO TPH-ORO TPH-GRO
TPH-DRO,
TPH-ORO
Analyze for Ag?rlg?'\r or
BTEXN, Lead, Ox enatés
EDB, EDC, and legH-GRO’ v
TPH-GRO If TPH-DRO or TPH-ORO detected, analyze
samples containing TPH-DRO or TPH-ORO

for PAHSs.

Figure 5-1. Chemicals of Concern Selection and Analysis (Page 1 of 2)

Notes:

*: If the age of the spill is unknown it should be assumed that the spill was prior to 12/31/1986, unless site information suggests otherwise (e.g., station
operation began only in 1990).

**: Sufficient sample volume should be collected for these products to allow for the possibility of PAH analysis.
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Plan to sample for all COCs (with the exception of carbon fractions (i.e. collect sufficient soil and
groundwater samples for all possible parameters to be measured)

A 4
Select laboratory soil analytical methods

Collect samples

y
Analyze all samples for BTEXN*, Oxygenates, TPH-GRO, TPH-DRO and TPH-ORO

or
COCs present
above
detection
imit

No

A 4

PH-DRO
and/or TPH
-ORO

etected?

Analyze samples containing TPH-DRO or
TPH-ORO concentration for PAHs

Is the age of
the spill
known?

Spill occurred
before
12/31/19867**

\ 4

»| Analyze for EDB, Sto P
EDC, and Lead P
* Benzene, toluene, ethylbenzene, xylenes, and naphthalene **|f the age of the spill is unknown it should be assumed that the spill was prior

to 12/31/1986, unless site information suggests otherwise (e.g., station
operation began only in 1990).

Figure 5-1. Chemical of Concern Selection and Analysis (Page 2 of 2)
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Figure 5-3(a)
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SOIL BORING LOG

BORING NUMBER

R# OVERSEEING GEOLOGIST

DRILLER

SITE NAME

DRILLING METHOD

SAMPLING METHOD

SITE ADDRESS

BOREHOLE DIAMETER

SAMPLING INTERVAL

DATE OF BORING

TOTAL BORING DEPTH

STATIC WATER LEVEL

APPROX.
DEPTH IN
WELL CONSTRUCTION DETAILS FEET

PID READING

LITHOLOGIC DESCRIPTION AND REMARKS (PPM)

IDENTIFICATION
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COMMENTS:

NOTES:
I INDICATES SAND SCREEN

INDICATES MONITORING WELL SCREEN
W INDICATES OBSERVED WATER LEVEL
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Figure 5-3(b)

ST# BORING NUMBER
SOIL BORING LOG MW-1
R# OVERSEEING GEOLOGIST DRILLER
SITE NAME DRILLING METHOD SAMPLING METHOD
DIRECT PUSH SPLIT SPOON
SITE ADDRESS BOREHOLE DIAMETER SAMPLING INTERVAL
4 INCHES CONTINUOUS
DATE OF BORING TOTAL BORING DEPTH STATIC WATER LEVEL
25.0 ft 17.0 ft
APPROX.
DEPTH IN PID READING SAMPLE
WELL CONSTRUCTION DETAILS FEET LITHOLOGIC DESCRIPTION AND REMARKS (PPM) IDENTIFICATION
Cap 0
1 Asphalt 0 SS-1
2 |
3 |
4 __|
Sand 5 Gray clay (CL) 50 SS-2
6 |
7 |
8 |
9 |
10 Silty sand, Slight petroleum odors 350 SS-3
11 |
12 |
13 |
14
Screened Interval 1
- 0.01 pore size 15 Silty clay, No petroleum odors, moist 100 SS-4
16 |
17 |
18 |
19 |
20 Silty sand, slight petroleum odors, wet 200 SS-5
21 |
22 |
23 _|
24 |
Bottom of well 25 Silty sand, slight petroleum odors, wet 150 SS-6
COMMENTS:

Samples sent for laboratory analysis: SS-3, and SS-4.

NOTES:
I INDICATES SAND SCREEN
E INDICATES MONITORING WELL SCREEN
' INDICATES OBSERVED WATER LEVEL
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Chemicals of Concern for Different Product Releases

Table 5-1(Page 1 of 3)

Contaminant Gasoling Diesel/ | Product Jet| Kerosene | Heavy Fue|Waste/ Useq Analytical Methods
Light Fuel Fuel Oils Qil
Oils
VOLATILES Groundwater Soil
Benzene a X X X X NC X 8260B 8260B
Toluene n X X X X NC X 8260B 8260B
Ethylbenzene n X X X X NC X 8260B 8260B
Xylenes (total) n X X X X NC X 8260B 8260B
1,2-Dibromoethane / bl X' NC NC NC NC NC 8o1r 8260B/8260B-SIM
Ethylene dibromide (EDB)
1,2-Dichloroethane / bl X' NC NC NC NC NC 8260B/8260B-SIM | 8260B/8260B-SIM
Ethylene dichloride (EDC)
OXYGENATES
Methyl-tert-butyl-ether (MTBE) n NC NC NC NC NC 8260B 8260B
Tertiary amyl methyl ether NC NC NC NC NC 8260B 8260B
(TAME)
Tertiary butyl alcohol (TBA) NC NC NC NC NC 8260B 8260B
Ethyl-tert-butyl-ether (ETBE) NC NC NC NC NC 8260B 8260B
Diisopropyl ether (DIPE) X NC NC NC NC NC 8260B 8260B
Ethanol X NC NC NC NC NC Direct injection GC NA
Methanol X NC NC NC NC NC Direct injection GC NA
TPH
TPH-GRO X NC NC NC NC X 8260B 8260B
TPH-DRO NC X X X X X 8270C 8270C
TPH-ORO NC NC X X 8270C 8270C
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Table 5-1(Page 2 of 3)
Chemicals of Concern for Different Product Releases

Contaminant Gasoling Diesel/ | Product Jet| Kerosene | Heavy FuelWaste/ Useq Analytical Methods
Light Fuel Fuel Oils Qil
Oils
PAHs' Groundwater Soil
Acenaphthene n| NC X X X X X 8270C 8270C
Anthracene n| NC X X X X X 8270C 8270C
Benzo(a)anthracene b| NC X X X X X 8270C 8270C
Benzo(a)pyrene b| NC X X X X X 8270C 8270C
Benzo(b)fluoranthene b NC X X X X X 8270C 8270C
Benzo(k)fluoranthene b NC X X X X X 8270C 8270C
Chrysene b| NC X X X X X 8270C 8270C
Dibenzo(a,h)anthracene b NC X X X X X 8270C 8270C
Fluoranthene n| NC X X X X X 8270C 8270¢C
Fluorene n| NC X X X X X 8270C 8270C
Naphthalent n| X X X X X X 826087, 8270C 82608, 8270C
Pyrene n| NC X X X X X 8270C 8270C
METALS Soil and Groundwater
Arsenic NC NC NC NC NC X 6010B, 6020
Barium NC NC NC NC NC X 6010B, 6020
Cadmium NC NC NC NC NC X 60108, 6020
Chromium NC NC NC NC NC X 6010B, 6020
Lead bl X' NC NC NC NC X 60108, 6020
Selenium NC NC NC NC NC X 6010B, 6020
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Note: X

Table 5-1(Page 3 of 3)
Chemicals of Concern for Different Product Releases

Chemical of concern to be analyzed

NC Not a chemical of concern

1

Sources:

Chemical of concern for leaded gasoline

When gasoline was the only product released, naphthalene should be analyzed by Method 8260B; if the petroleum released was other than or in
addition to gasoline, naphthalene should be analyzed by Method 8270C

For 8270 where a detection limit lower than the Estimated Quantitation Limit is required, measures to increase the sensitivity of the method

should be taken.

Human carcinogen (Group A under EPA weight of evidence classification system for carcinogenicity)

Probable human carcinogen (Group B1 or B2 under EPA weight of evidence classification system for carcinogenicity)

Non-carcinogen

Not Applicable — soil samples need not be analyzed for ethanol or methanol

Samples must be analyzed for PAHs when TPH-DRO or TPH-ORO are detected in soil at a concentration at or above the RRLs in Table 5-3

When the product released was or could have been racing fuel, aviation gas, or leaded gasoline, soil samples must be analyzed for EDB and EDC.
To determine whether leaded gasoline could have been released, MDNR will assume gasoline sold after December 31, 1986 was unleaded. In these
cases, Method 8260B or Method 8260B-SIM (Selected lon Monitoring) shall be used, unless another method having detection limits at or below
applicable target levels is approved by MDNR.

When the product released was or could have been racing fuel, aviation gas, or leaded_gasoline, and there is a complete exposure pathway for
domestic use of groundwater, groundwater samples must be analyzed for EDB and EDC. To determine whether leaded gasoline could have been
released, MDNR will assume gasoline sold after December 31, 1986 was unleaded. In these cases, Method 8011 shall be used to analyze for EDB
and Method 8260B or Method 8260B-SIM (Selective lon Monitoring) shall be used to analyze for EDC, unless other methods having detection
limits at or below applicable target levels are approved by MDNR.

U. S. Environmental Protection Agency, November 1988, Methods for Evaluating Solid Waste, SW-846, Third Edition. Office of Solid Waste
and Emergency Response, Washington D.C.

U.S. Environmental Protection Agency, March 198@&thods for Chemical Analysis of Water and Wastes, Environmental Monitoring and Support
Laboratory, Cincinnati, OH 45263.

Methods Information Communication Exchange, Office of Solid Waste, (703) 821-4690.

U.S. Environmental Protection Agency, July 1982¢hods for Organic Chemical Analysis of Municipal and Industrial Wastewater, EPA-600/4-
82-057. Environmental Monitoring and Support Laboratory, Cincinnati, OH 45263.
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Table5-2
Weight Percentsfor COCsin Different Products

Weight Percent (%)
Gasoline Diesel Jet Fuel (JP-4 & JP-5) Kerosene Fuel Oil No. 6
Range | Average Range | Average | Range | Average Range | Average Range | Average
VOLATILES
Benzene 1.6-2.3 1.90 0.0026-0.1 0.029 0.47-0.5 0.47
Toluene 6.4-10 8.10 0.0069-0.7 0.180 1.3-1.6 1.6
Ethylbenzene 14-2 1.70 0.007-0.2 0.068 0.37-0.69 0.66
o-Xylene 2131 2.50 0.0012-0.085 0.043 0.545
m-Xylene 3.9-54 4.60 0.009-0.255 0.110 0.545
p-Xylene 1.6-2.3 1.90 0.009-0.255 0.110 0.35
Xylenes (total) 0.5
1,2-Dibromoethane/Ethylene dibromide
(EDB)
1,2-Dichloroethane/Ethylene dichloride
(EDC)
PAHs
Acenaphthene 0.0047
Anthracene 3.0E6-0.02 5.80E-03 0.00012 0.005
Benzo(a)anthracene 2.0E-6 - 6.7E-4 9.60E-05 0.0029-0.15 0.055
Benzo(a)pyrene 5.0E-6 - 8.4E-4 2.20E-04 0.0044
Benzo(b)fluoranthene 1.55E-07 - 9.5E-05 | 1.55E-04 0.022
Benzo(k)fluoranthene 1.55E-07 - 9.5E-06 | 1.55E-04 0.022
Chrysene 4.50E-05 0.0029-0.31 0.069
Dibenz(a,h)anthracene
Fluoranthene 6.8E-7 - 0.02 0.0059 0.00086 0.024
Fluorene 0.034-0.15 0.086
Naphthalene 0.15-0.36 0.25 0.01-0.8 0.26 0.25-0.5 0.41 0.15-0.46 0.31 0.00021-0.015 0.0042
Pyrene - - 0.000018-0.015 0.0046 - - - 0.00024 0.0023
Avg. Molecular Weight (g/mole) 105 230 165 105 NA

NOTES: Datafrom Tota Petroleum Hydrocarbon Criteria Working Group (TPHCWG), May 1998. TPHCWG Series VVolume 2: Composition of Petroleum Mixtures.
1. ---: Not available. For these COCs pure product solubilites and saturated vapor concentrations were used.

See discussion at 6.8.3 and Section B.8

2. Jet Fuel: Average values of JP-4 and JP-5 are taken.
3. Diesdl: Values were available for m+p-Xylene. Each was considered 50% composition.
4. Diesd and Fuel Oil No. 6: Vaues were available for Benzo(b+k)fluoranthene. Each was considered 50% composition.
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Table 5-3
Required Reporting Limits

Listed below are the required reporting limits (RRLs) for the methods specified in the MRBCA guidance document. All listed RRL’'s
should be viewed as conservative numbers and do not represent the absolute lowest quantitation levels achievable. Most laboratories
should be able to obtain RRL’s at or below the listed values.

VOLATILES

Compound Method Water PQL Soil PQL
Benzene 8260B 5 ug/L 25ug/Kg
Toluene 8260B 5 ug/L 25ug/Kg
Ethylbenzene 8260B 5 ug/L 25ug/Kg
Total Xylenes 8260B 10 ng/L 50 ng/Kg
Ethylene Dichloride (EDC) 8260B 5ug/L 25ug/Kg
Ethylene Dibromide (EDB) 8260B 5ug/L 25ug/Kg
OXYGENATES

Compound Method Water PQL Soil PQL
MTBE 8260B 5ug/L 25ug/Kg
TAME 8260B 50ug /L 250 ug/Kg
TBA 8260B 50 ug/L 250 ug/Kg
ETBE 8260B 5ug/L 25ug/Kg
DIPE 8260B 50 ug/L 250 ug/Kg
Ethanol (1) 8015 1 mg/L (2)
Methanol (1) 8015 1 mg/L (2)

TPH

Compound Method Water POQL Soil PQL
TPH-GRO 8260B 1 mg/L 20 mg/Kg
TPH-DRO 8270C 1 mg/L 20 mg/Kg
TPH-ORO 8270C 1 mg/L 20 mg/Kg
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PAH'S

Compound
Acenaphthene

Anthracene
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Benzo(k)fluoranthene
Chrysene
Dibenzo(a,h)anthracene
Fluoranthene
Fluorene
Naphthalene

Pyrene

METALS

Metals
Arsenic
Barium
Cadmium
Chromium
Lead
Selenium

(1) These compounds are to be analyzed by direct injection and not purge and trap.

(2) Soil samples will not be analyzed for Ethanol or Methanol.

MRBCA Guidance Document

Method
8270C
8270C
8270C
8270C
8270C
8270C
8270C
8270C
8270C
8270C
8270C
8270C

Method
6010B
6010B
6010B
6010B
6020
6010B

Water POL
10 ug/L

10 ug/L
10 ug/L
10 ug/L
10 ug/L
10 ug/L
10 ug/L
10 ug/L
10 ug/L
10 ug/L
10 ug/L
10 ug/L

Water PQL
50 ug/L

5 ug/L
5 ug/L
5 ug/L
5 ug/L
50 ug/L

_Soil POL
66010/Kg

660ug9/Kg
660ug9/Kg
660ug9/Kg
660ug9/Kg
660ug9/Kg
660ug9/Kg
660ug9/Kg
660ug9/Kg
660u9/Kg
660u9/Kg
660ug/Kg

Soil PQL
2500pn0/Kg

500ug/Kg
500ug/Kg
500ug/Kg
500ug/Kg
2500pn0/Kg
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ATTACHMENT A

Ecological Risk Assessment
Tier 1 Screening Checklist for Potential Receptorsand Habitat

Checklist #1
1. Is the site less than (<) ¥z mile to a surface water resource (pond, river, lake, etc.)?
2. Are wetlands (e.g., marshes, swamps, fens) on or adjacent to the site?
3. Are contaminated soils uncovered or otherwise accessible to ecological receptors
and the elements?
4. Are there karsitic features (see Ecological Risk Assessment Figure #2 for

definition) on or within a % mile radius of the site?

Note: A professional opinion may be necessary to make this determination. The
Missouri Environmental Geology Atlas (MEGA), published by the Department of
Natural Resources, Missouri Geological Survey (MGS), provides several state-
wide, karst-related data sets, as well as others related to geology and hydrology, in
a geographic information system format, that can assist in this determination.
MEGA, including software to view the data sets, may be obtained from MGS by
calling (573) 368-2125.

5. Are there federal or state rare, threatened, or endangered species on or within a ¥2
mile radius of the site? Note: The % mile radius limit does not necessarily apply
to situations where a hydrogeological connection exists between the site and
karstic features.

6. Are there one or more environmentally sensitive areas (see Ecological Risk
Assessment Figure #1 for definition) at or within a %2 mile radius of the site?

7. Are commercially or recreationally important species (fauna or flora) on or within
a ¥ mile radius of the site?

If the answer is “Yes” to any of the above questions, then complete Ecological Risk
Assessment Tier 1 Checklist for Potential Exposure Pathways, Checklist #2.
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ATTACHMENT B

Ecological Risk Assessment
Tier 1 Screening Checklist for Potential Receptorsand Habitat
Checklist #2

l.a.) Can contaminants associated with the site leach, dissolve, or otherwise migrate to
groundwater?

1.b.) Are contaminants associated with the site mobile in groundwater?

1.c.) Does groundwater from the site discharge to ecological receptor habitat?

Question 1. Could contaminants associated with the site reach ecological receptors via

groundwater?

2.a.) Is Non-Aqueous Phase Liquid (NAPL) present at the site?

2.b.) Is NAPL migrating?

2.c.) Could NAPL discharge occur where ecological receptors are found?

Question 2: Could contaminants from the site reach ecological receptors via migration of
NAPL?

3.a.) Are contaminants present in surface soils?

3.b.) Can contaminants be leached from or be transported by erosion of surface soils?
Question 3: Could contaminants reach ecological receptors via erosional transport of
contaminated soils or via precipitation runoff?

4.a.) Are contaminants present in surface soil or on the surface of the ground?
4.b.) Are potential ecological receptors on the site?
Question 4: Could contaminants reach ecological receptors via direct contact?

5.a.) Are contaminants present on the site volatile?

5.b.) Could contaminants on the site be transported in air as dust or particulate matter?
Question 5: Could contaminants reach ecological receptors via inhalation of volatilized
contaminants or contaminants adhered to dust in ambient air or in subsurface burrows?

6.a.) Are contaminants present in surface and shallow subsurface soils or on the surface
of the ground?

6.b.) Are contaminants found in soil on the site taken up by plants growing on the site?

6.c.) Do potential ecological receptors on or near the site feed on plants (e.g., grasses,
shrubs, forbs, trees, etc.) found on the site?

6.d.) Do contaminants found on the site bioaccumulate?

Question 6: Could contaminants reach ecological receptors via ingestion of either soil,

plants, animals, or contaminants directly?

7.a.) Are there karstic features (see Ecological Risk Assessment Figure #2 for
definition) on or within a % mile radius of the site?

7.b.) Isthere a hydrogeological connection between the site and karstic features such as
seeps, springs, streams or other surface water bodies?
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Question 7: Could contaminants reach ecological receptors via transport through a Karst
system?

Note: A professional opinion may be necessary to answer 7.a, 7.b, and Question 7. The
Missouri Environmental Geology Atlas (MEGA), published by the MDNR, Missouri
Geological Survey (MSG), provides several state-wide, karst-related data sets, as well as
others related to geology and hydrology, in a geographic information system format, that
can assist in answering these questioitfie MEGA, and software to view it, can be
obtained from MSG by calling (573) 368-2125.

If the answer to one or more of the seven above questions is yes, MDNR may require
further assessment to determine whether the site poses an unacceptable risk to ecological
receptors.
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Ecological Risk Assessment
Figure#1: Environmentally Sensitive Areas

Environmentally Sensitive Areas are areas of spesgnificance due to the flora or
fauna found on the area, the sensitive nature afraafeatures found on the area,
historical considerations, or for other reasongseissed with the environment of the area.

Examples of environmentally sensitive areas inglumg are not necessarily limited to,
the following:

. National and state parks,
. Designated and proposed federal and state wildeares natural areas,
. Endangered, rare, and threatened species habitatesignated by the U.S.

Department of the Interior or the Missouri Depantitngf Conservation,
. National monuments,

. National and state historic sites,

. National and state lakeshore and river recreatiaress,

. Federal or state designated scenic or wild rivers,

. Habitat of federal or state designated or prop@sethngered, rare, or threatened
species, and species under review as to their gedash, rare, or threatened
status,

. National and state preserves and forests,

. National and state wildlife refuges,

. Critical fish and shellfish spawning areas,

. Critical migratory pathways and feeding areas faadxomous fish species within
river reaches or areas in lakes where such spgeessl extended periods of time,

. Terrestrial areas used for breeding by large orseélemggregations of faunal
species,

. State lands designated by the Missouri Departmie@baservation for wildlife or
game management,

. Wetlands, and

. Outstanding state resource waters as designatatiebyissouri Clean Water
Commission.

Ecological Risk Assessment
Figure#2: Karst Features

Karst: A distinctive set of geomorphic landfornesulting from the development of
extensive subsurface solution channels and caveslionate rocks (Boulding, 1995).
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6.0
GENERAL CONSIDERATIONS FOR RISK ASSESSMENT

A risk-based evaluation requires the consideration and understanding of several factors
common to Tiers 1, 2 and 3. These factors include, but are not limited to:

. Development of an exposure model (EM),

. Calculation of risk-based target levels,

. Evaluation of groundwater use,

. Protection of surface water bodies,

. Estimation of representative chemical of concern (COC) concentrations,
. Ecological risk evaluation,

. Consideration of nuisance conditions,

. Evaluation of free product, and

. Activity and use limitations (AULS).

This section briefly discusses each of these factors and their application to the
management of releases from UST/AST sites. Several of these factors include policy
decisions made by the Groundwater Rule Stakeholders Group and documented in the
draft process document (MDNR, 2003).

6.1 DEVELOPMENT OF AN EXPOSURE MODEL

The objective of an EM is to define the exposure pathways that are complete or may
reasonably be expected to become complete under current or reasonably anticipated
future conditions.

An EM identifies the (i) media of concern, (ii) receptors of concern, (iii) exposure
pathways from the impacted media to the receptor, and (iv) routes of exposure. The EM
presents a working hypothesis of the manner by which COCs migrate from the source to
the points of exposure (POEswhere COCs come in contact with the receptors and
exposure occurs. For each complete combination of source-pathway-route of exposure
identified in the EM, risk-based levels must be developed for each COC (see Table 5-1
for a list of COCs). If migration of the COCs from the source to the receptors (i.e. the
pathway) is not possible under current or reasonably anticipated future site use (e.g., due
to engineering controls or AULS), the COCs will not cause any exposure. Without
exposure there can be no risk. Thus for risk to be present at a site, at least one exposure
pathway must be complete (or have a reasonable chance of becoming complete).

An EM is a qualitative evaluation based on information collected during site
investigations (refer to Section 5.0). Typically, EMs for three time periods will be
developed for each site: (i) current land use, (ii) short-term future land use, such as a
period of construction, and (iii) long-term future land use. Consideration of current and
future land use ensures that site-specific decisions will be protective of both. At sites
where the current and future land use will be the same, EMs for current and future use
would be identical.
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Development of an EM requires knowledge of (i) larse, (ii) receptors, (iii) pathways
and routes of exposure, and (v) exposure domairifagh of these elements is discussed
in the following sections.

6.1.1 Land Use

Within the MRBCA process, land use is categorized(ia residential or (i) non-
residential. Accurately identifying land use ispontant because target levels depend on
the land use. Residential land use results in ldarget levels and cleanup to these levels
generally allows for unrestricted land use. Ptmissuing a No Further Action (NFA)
letter, MDNR will require that certain sites cledn® non-residential standards have
some form of AUL. AULSs are further discussed irct8® 6.9 and Section 11.

Examples of residential and non-residential larelare presented below:

. Residential or unrestricted land use -Includes land uses where persons can be
expected to reside for more than 8 hours a dayays @ week, such as homes,
apartments, hospitals, nursing homes, schoolgjadr centers, etc.

. Non-Residential —Includes land uses where persons can be expechbeddo site
less than 10 hours a day and absent on weekendwlddys. Examples include
retail facilities, industrial and manufacturing ogions, fleet operations, hotels
and motels, offices, etc.

(Note: When a planned development includes a multi-sbajding, or mixed use, the
presence of a day care facility or apartments oopger floor does not necessarily mean
that the applicable land use is ‘“residential.” &w®ble assumptions concerning
exposures on the ground floor of the building (andsurface floors, if such exist) should
be used to develop cleanup levels.)

While it is not possible to identify every scenaiio this document, the following
guidelines are intended to assist in making lareddeterminations:

6.1.1.1 Determine Current Land Use

Identification of the use of the site and nearbyperties is used to define potential on-
site and off-site receptors that might be expogethée COCs. Current land use and
associated activities must be identified. Curtant use refers to land use as it exists
today and can be readily determined by a site.vi$hus there should be no ambiguity
about current land use.

A visual, on-site land use survey, which shoulddgfty include properties within a 500-
foot radius of the tank system, shall be conductéde survey shall clearly identify the
following: schools, hospitals, residences (apartsiesingle-family homes), buildings
with basements, day care centers, churches, nuisimgs, and types of businesses.
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6.1.1.2 Determine Reasonably Anticipated Future LasthUse

“Reasonably anticipated future use” means futue afsa site or facility that can be
predicted with a reasonably high degree of certagiven historical use, current use,
development or use plans, local government planaimg) zoning, regional trends and
community acceptance. In situations where ther@nisctual plan for development or
redevelopment of a property, it shall be the primapnsideration in determining
“reasonably anticipated future use” when there suificiently high degree of certainty
that the plan will be implemented.

Conclusions regarding reasonably anticipated fu{®@FU) use may be different for
various properties included in the site conceptnatiel. However, a conclusion as to
whether the RAFU for each property is “resident@a™non-residential” must be clearly
presented, and the basis for each conclusion neusibbumented. The MDNR will be
the final decision-maker regarding what the apped@RAFU is for each property.

Future land use is always uncertain and its detetian should be based on available
information and good professional judgment. In #ieence of definitive long-term

development plans, the following factors may bedude determine reasonably

anticipated future use:

Local planning and zoning ,

City/County development plans,

Current use of adjacent property,

Known future use of adjacent property,

Type and size of streets/highways adjacent to thpequty,
Existing deed instruments or similar instrumenttecing the site and/or adjacent
properties,

Building permits,

Financing Plans/Restrictions,

Interviews with current property owners, and
Community acceptance of proposed site developmriansp

If an undeveloped parcel is located in a predontlpasommercial/industrial area, then
consideration of the parcel’'s future use as noiteasial might be appropriate.
However, if the setting is more rural or the larse is mixed, absent reliable evidence to
the contrary, the undeveloped land should be censidresidential.

6.1.1.3 On-site and Off-site Receptors

MRBCA evaluations must consider the impact of CQ€@%oth on-site and off-site
receptors. A plume moving off-site might impact ltiple land uses and multiple
receptors. For example, a plume may have migratkesite below a residential and a
non-residential area. In this case, both land bsge to be considered when developing
the EM. For simplification, the following defintths should be used:
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. On-site. The property located within the legal property boundaries within which
the source of the release is located. This includes soil, groundwater, surface
water, and air within those boundaries.

. Off-site: Property (ies) located outside the boundaries of the onsite property and
on to which COCs associated with the release have or are likely to migrate. This
includes soil, groundwater, surface water, and air located off-site.

6.1.2 Receptors

The MRBCA process requires consideration of both human and ecological receptors as
discussed below:

6.1.2.1 Human Receptors

All current and future human receptors should be considered. At a minimum, the
following human receptors are considered:

. Residential — Child, adult, and age-adjusted individual
. Non-residential Worker — Adult
. Construction Worker — Adult

The age-adjusted individual is one who lives at a site continuously from birth to age 30
(also refer to equations presented in Appendix B).

For residential land use, the lowest of the three target levels for child, age-adjusted, and
adult are applicable.

Other human receptors such as visitors or maintenance workers will generally have less
exposure than those listed above (due to lower exposure frequency and duration) and,
therefore, their exposure and risk need not be quantified. However, if these or other such
receptors will be or are known to be on the site for periods exceeding those considered
for resident, non-resident worker, or construction worker, such receptors must be
evaluated.

Because petroleum equipment companies are subject to other regulatory requirements
regarding worker exposure, it is not necessary to evaluate the soil ingestion, inhalation,

and dermal contact exposure pathway nor the dermal contact with groundwater exposure
pathway for the construction worker receptor in the area in which an active underground

storage tank (i.e., the tank pit) is located.

6.1.2.2 Ecological Receptors
All sites evaluated under MRBCA must be screened for the presence of ecological

receptors and/or their habitats, except for those sites where initial sampling data indicates
that COC concentrations are below the default target levels (DTLs) and the site poses no
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obvious threat to ecological receptors. At certaites where exposure to wetlands,
sensitive environments, wildlife, threatened andkmwdangered species, or other
ecological receptors is complete, a quantitativeaggcal risk evaluation may have to be
completed. The level of cleanup at such sites Ishioel based on the lower of the target
levels for human and ecological receptors. The M@RRBiered ecological risk evaluation
process is further discussed in Section 6.6.

As appropriate, surface water bodies should beuated to determine potential impacts
of discharging groundwater or surface runoff frdm telease site. Such an evaluation
might require information on the location, flow esat depth, flow direction, and
designated beneficial uses of specific surface waddies. Refer to Section 5.10 and 6.4
for further information.

6.1.2.3 Utilities

On-site and off-site underground utilities and, c#fpeally, their ability to serve as

petroleum contamination conduits, must be evaluaedverse impacts to utilities might
include degradation of water and sewer lines; vapor storm and sanitary sewers;
damage to outer coatings of gas lines; damageastipllines, and damage to buried
phone and electrical lines due to contact with dbels. Utility evaluations are of

particular importance at sites where utilities ngzayne in contact with free product for an
extended period of time. Refer to Section 5.4 83ftwther information regarding the

evaluation of utilities.

6.1.3 Human Exposure Pathways and Routes of Exposur

A receptor comes in contact with COCs if a compketposure pathway exists under
current or future land use conditions. For a pathvo be complete, there must be a (i)
chemical source, (ii) mechanism by which the chahigreleased, (iii) medium through

which the chemical travels from the point of releds the receptor location, and (iv) a
route of exposure by which the chemical entersehkeptor’'s body and potentially causes
adverse health effects.

Commonly encountered exposure pathways that mustisdered are discussed below.
For each complete pathway, the MRBCA process regi) collection of sufficient data
to estimate the representative concentrations oC£@r each pathway (except for
surficial soil in a residential setting where theximum COC concentrations are used),
and (ii) the comparison of representative (or masimh concentrations with target levels
for the corresponding pathway.

6.1.3.1 Pathways for Inhalation
For the inhalation pathway, chemical intake océud®ors and outdoors at a site via the
inhalation of vapors. Depending on the toxicdf the chemical, unacceptable

exposures via the inhalation pathway might occurca@tcentrations below the odor
threshold levels (i.e., receptors might be unavedréheir exposure). If the source of
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these vapors is volatile chemicals in soil and/or groundwater, their migration through the
capillary fringe, unsaturated zone, and cracks in the floor/foundation to indoor or outdoor
air must be evaluated. As discussed in Section 5.4.3, the potential for utilities to act as a
conduit for vapors must also be evaluated. Relative to outdoor inhalation, indoor
inhalation is the “risk driver,” hence outdoor inhalation is not quantitatively evaluated
except when there is or could be direct contact with soil (e.g., construction worker).

To quantitatively evaluate the indoor inhalation pathway, use the following approach
(also refer to Appendix C, Figure C-1):

. Tier 1 risk assessment: Compare representative soil and groundwater
concentrations to the applicable soil and groundwater target levels in Tables 7-1
through 7-6. Soil vapor sampling may be conducted at TieWhen conducted,
the sampling results shall be compared to the Tier 1 soil vapor RBTLs found in
Tables 7-1 (residential land use) or 7-2 (non-residential land use), whichever is
applicable. NOTE: If soil vapor sampling is done, the measured soil vapor
concentrationsnust be used to evaluate the indoor inhalation risk in lieu of using
soil and groundwater data to analyze this risk.

Tier 2 risk assessment:Calculate Tier 2 SSTLs for residential and/or non-
residential use, as appropriate for each impacted property.

If soil vapor sampling was not conducted as part of Tier 1, determine whether to
do it as part of the Tier 2 risk assessntent.

How one assesses indoor inhalation risk at Tier 2 depends on whether soil vapor
sampling is done. If soil vapor samplingrist done, compare representative
concentrations of COCs in soil and groundwater to the calculated Tier 2
inhalation target levels to determine whether there is an indoor inhalation risk. If
soil vapor samplings done, the measured soil vapor concentrations be used

to evaluate the indoor inhalation risk in lieu of using soil and groundwater data to
analyze this risk; use appropriate representative concentrations of measured soill
vapor samples.

. Tier 3 risk assessmentSeveral options are available, each of which requires the
development of a work plan and its approval by MDNR prior to implementation.
Two examples are presented below:

- Option 1: Use of measured soil, groundwater, or soil vapor concentrations
with alternative models to estimate target risk due to indoor inhalation,

- Option 2: Indoor air concentrations may be measured and compared with
indoor air target levels. However, due to several difficulties associated with
accurately determining whether and to what extent COCs detected in indoor
air are attributable to soil and/or groundwater impacts, direct measurement
of indoor air is seldom conducted.

! Refer to Appendix C for a discussion of soil vapor monitoring and development of SSTLs for soil vapor.
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The exposure model for an active tank facility nesgume that no building will be
constructed over the tank pit.

6.1.3.2 Pathways for Surficial Soils (0 - 3 feet By

Surficial soils are defined as soils extending fritva surface to three feet below ground
surface. The exposure pathways associated withdtag surficial soil include:

. Leaching to groundwater and potential use of growater,
. Leaching to groundwater and subsequent migratiensiarface water body, and
. Ingestion of soil, dermal contact with soil, anddnor inhalation of vapors and

particulates emitted by surficial soils.
6.1.3.3 Pathways for Subsurface Soils (>3 feet bigsthe water table)
Subsurface soils are defined as soils from three elow ground surface to the water

table or to bedrock, whichever occurs first. Expes pathways associated with
subsurface soils include:

. Indoor inhalation of vapor emissions,
. Leaching to groundwater and potential use of grawtdr, and
. Leaching to groundwater and subsequent migrati@ensiarface water body.

It is important to note that no distinction is mdmgween the surface and subsurface soil
for the construction worker. Instead, dermal conptaccidental ingestion, and outdoor
inhalation of soil vapors and particulates fromssare considered complete pathways up
to the typical depth of construction.

6.1.3.4 Pathways for Groundwater

Potentially complete exposure pathways for impagredindwater include:

. Volatilization and upward migration of vapors frognoundwater and potential
indoor inhalation of vapor emissions,

. Ingestion of water if the groundwater is a currentfuture source of drinking
water,

. Dermal contact with groundwater, and

. Migration to a surface water body and potentialactp to surface waters.

6.1.3.5Pathways for Surface Water and Sediments

Depending on the use designation of the surfacergjgbotentially complete routes of
exposure for surface water include:

. Ingestion of surface water,
. Contact with surface water during recreationahétis (ingestion, inhalation of
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vapors, and dermal contact),
Ingestion of fish, and
. Contact with (accidental ingestion and dermal contact with) sediments.

In addition, ecological effects must be considered if surface water impacts are present.

Each of the above routes of exposure for surface water and sediments must be considered
as part of the exposure assessment. If all of these routes of exposure are considered
incomplete, no quantitative evaluation is necessary. Refer to Section 6.4 for information
regarding the quantitative evaluation of these pathways.

6.1.3.6 Other Pathways

At some sites, other routes of exposure might be significant. These include, but are not
limited to, exposure due to (i) ingestion of produce grown in impacted soils, (ii)
exposures associated with use of groundwater for irrigation purposes, or (iii) use of
groundwater for industrial purposes.

At UST/AST sites, these routes of exposure are likely to be significant only in rare cases
and will be evaluated at Tier 3.

6.1.4 Exposure Domain

A key part in the development of an EM is the determination of the size and location of
the exposure domain for each pathway, route of exposure, and receptor. The exposure
domain is the portion of the total impacted area that contributes to the receptor’s exposure
via a specific pathway and route of exposure. The exposure domain can vary with the
receptor and the route of exposure.

The following three examples may help clarify the concept of the exposure domain:

Example 1:  For exposures within an existing building by indoor inhalation of vapors
from subsurface soil, the exposure domain would be the volume of soil within the
footprint of the building that contributes vapors to the indoor air.

Example 2:  For direct contact with surficial soil, the exposure domain would be the
area of impacted surficial soil that the receptor might come in contact with.

Example 3:  For the protection of groundwater, the domain would be the volume of soil
that could contribute chemicals to the groundwater plume via leaching and infiltration.

For each receptor and each complete route of exposure, the exposure domain must be
determined. Concentrations measured within each exposure domain must be used to
estimate the representative concentrations for each complete pathway, as discussed in
Section 6.5 (except, as noted above, maximum COC concentrations are used for the
evaluation of surficial soil in a residential setting).
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6.2 CALCULATION OF RISK-BASED TARGET LEVELS

Within the MRBCA process, risk-based target levetsude:

. Default target levels (DTLS),
. Tier 1 risk-based target levels (RBTLS),
. Tier 2 site-specific target levels (SSTLs), and

. Tier 3 SSTLs.
Note that the DTLs are the lowest of the Tier 1 RBTor soil and groundwater.

Also refer to Appendix B (Sections B.8 and B.9) #odiscussion of the target levels for
lead and target levels when LNAPL is present omgdwater.

Calculation of the above target levels requiresntjtative values of (i) target risk, (ii)

chemical-specific toxicological factors, (iii) rquer-specific exposure factors, (iv) fate
and transport parameters, (v) physical and chenpoaperties of the COCs, and (vi)
mathematical models. Each of these is discusdewvifalso refer to Appendix B):

6.2.1 Target Risk Level

For carcinogenic effects, risk is quantified usindividual excess lifetime cancer risk
(IELCR), a valuethat represents an increase in the probability of irdividual
developing cancer due to exposure to a chemicah\specific route of exposure. For
petroleum tank sites, the target IELCR for each GME route of exposure is 1 x10

For non-carcinogenic effects, risk is quantifiedngsa hazard quotient (HQ) that
represents the ratio of the estimated dose foreanctal via a specific route of exposure
to the reference or allowable dosat petroleum UST/AST sites, the target HQ for each
COC and each route of exposure is 1.0.

Due to the limited number of COCs at typical petuwh UST/AST sites, the additivity of
risk due to multiple chemicals and multiple roubégxposure is not considered.

6.2.2 Quantitative Toxicity Factors

The toxicity of chemicals is quantified using slogactors for chemicals with
carcinogenic adverse health effects and referensesdfor chemicals that cause non-
carcinogenic adverse health effects. Toxicity galmay differ for the inhalation, dermal
and ingestion pathways.

Toxicity values for the COCs are presented in ApiperB. MDNR requires that the
most recent toxicity values recommended by the P& Be used. For a Tier 3 risk
assessment, values other than those presentecandx B may be used if their use can
be adequately justified and the values are approyddDNR.
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6.2.3 Exposure Factors

Exposure factors describe the physiological andieha characteristics of the receptor

and are typically estimated based on literature rather than site-specific measurements.
Default exposure factors for calculating Tier 1 and Tier 2 target levels are presented in
Appendix B. For a Tier 3 risk assessment, a combination of site-specific and default
exposure values may be used if their use can be adequately justified and the values are
approved by MDNR.

6.2.4 Fate and Transport Parameters

Fate and transport parameters are necessary toagstine target levels for the indirect
routes of exposure. These factors characterize the physical site properties (such as depth
to groundwater, soil porosity, and infiltration rate) and building characteristics (such as
the height of a building and the air exchange rate). For calculating DTLs and Tier 1
RBTLs, MDNR has selected the conservative default fate and transport values presented
in Appendix B. For Tier 2, a combination of site-specific and default values may be
used. However, all the values used must be justified based on site-specific
considerations.

6.2.5 Physical and Chemical Properties

The development of target levels requires the phaysaad chemical properties of the
COCs that are listed in Appendix B. Several of the physical and chemical properties are
experimentally determined; hence their values are not exact and include a certain amount
of variability. MDNR requires the use of values presented in Appendix B for all tiers,
unless there are justifiable reasons to modify these values. The use of different values
would be allowed only under a Tier 3 risk assessment and upon MDNR'’s approval of a
work plan.

6.2.6 Mathematical Models

Two types of models, or equations, namely the (fpkg equations, and (ii) fate and
transport models, are required to calculate the target levels. For the calculation of DTLs,
Tier 1, and Tier 2 target levels, MDNR has selected the following fate and transport
models:

Indoor Inhalation of Volatile Emissions from Soil and Water. This pathway requires

(i) an emission model and (ii) an indoor air mixing model. These models are combined

together and included in the Johnson and Ettinger Model (US EPA, 2001) and are used in
the MRBCA process. Note that the model used in the MRBCA process does not include
advective transport of vapors.

Surficial Soil Outdoor Inhalation (construction worker only): This pathway requires

(i) an emission model for vapors, (ii) an emission model for particulates, and (iii) an

outdoor air mixing model. The vapor emission model used is based on the volatilization
model developed by Jury et al. (1984) for an infinite source. The particulate emissions
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model is based on Cowherd’s model, and the outdoor air mixing model is a simplified
form of the Gaussian Dispersion model. These models are presented in the Soil
Screening Guidance Document (US EPA, 1996).

Leaching to Groundwater: This pathway requires (i) equilibrium conversion to convert
soil concentrations to leachate concentration, and (i) mix the leachate with the regional
groundwater. The equilibrium conversion model is that found in EPA’s Soil Screening
Guidance Document (US EPA, 1996). Summer’s model is used for mixing of the
leachate with the groundwater.

Horizontal Migration in Groundwater: Domenico’s steady-state infinite source model

is used to quantify the downgradient migration of chemicals. For Tier 2 risk assessments,
a biodegradation rate may be used if it can be justified based on site-specific conditions
and has the prior approval of MDNR.

Unsaturated Zone Transport: For the calculation of Tier 2 values, the following
dilution attenuation factors (DAF) will be used:

Depth to groundwater of less than 20 feet, DAF = 1
Depth to groundwater 20-50 feet, DAF =2
Depth to groundwater > 50 feet, DAF =4

DAF represents the reduction in the concentration, due to the combined influence of
natural attenuation processes, of the leachate as it migrates from the “source” to the
bottom of the unsaturated zone (typically the water table). A DAF of 1 indicates that
there is no reduction in concentration. A DAF of 2 implies that the concentration of the
leachate reduces by a factor of 2 as the leachate migrates from the “point of generation”
to the water table. The DAF factors presented above are empirical. For a Tier 3 risk
assessment, unsaturated zone fate and transport models may be used to estimate the
unsaturated DAF, with the approval of MDNR.

6.3 EVALUATION OF GROUNDWATER USE

Within the MRBCA process, all current and reasonably anticipated future use of
groundwater must be protected. Impacts to groundwater and potential exposures via the
groundwater ingestion pathway are of significant concern in Missouri since several areas
of the state obtain their drinking water from groundwater sources. The evaluation
process and groundwater protection measures are intended to be used in cases where
groundwater has been impacted or is likely to be impacted by a site-specific petroleum
release. This process has the following objectives:

. To protect all current and reasonably likely future domestic use of groundwater,

. To provide a rational basis for incorporating site-specific characteristics into the
determination of groundwater target levels, and

. To facilitate the development of properties based on reasonable expectations for

groundwater cleanup.
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A key consideration in developing risk-based groundwater target levels is whether the
groundwater use pathway is complete under current or future conditions. The process
used to make this determination is showrFigure 6-1 and discussed below. Note that
this determination is required for all groundwater zones at and in the vicinity of a site.

Figure 6-1 focuses on the domestic use of groundwater. As a part of this step, other
groundwater uses (e.g., cooling water, industrial process water, etc.) must also be
identified.

Evaluations of groundwater use must be in strict accordance with Figure 6-1 and each
applicable element of Figure 6-1 must be clearly addressed in a risk assessment report.
MDNR recommends these conclusions be presented in the same order as the evaluation
criteria in Figure 6t.

At some sites, the zone of groundwater contamination and the zone utilized for domestic
use might not be the same. Therefore, as showRigare 6-1, the first step in
determining whether the groundwater use pathway is complete is to identify all
groundwater zones beneath a site and whether they are interconnected.

6.3.1 Current Conditions

The current groundwater use pathway is considered complete if (i) there are existing
wells near the site, and (ii) the wells are reasonably likely to be impacted by COCs.

The existence of wells near the site is determined based on a water well search that might
range, at a minimum, from a search of the State of Missouri well database to a door-to-
door survey. The level of effort will depend on site-specific considerations. For
example, in urban areas having a municipal water supply, a door-to-door survey might
not be necessary whereas in rural areas where groundwater is the primary source of
water, a door-to-door survey might be necessary. The survey shall identify all private
water wells within a one-quarter (¥4) mile radius and all public water supply wells within

a one-mile radius of the tank system.

Whether the wells have a reasonable probability of impact depends on the distribution
and migration potential of COCs relative to the groundwater zone or zones of interest.
Whether COCs will reach a groundwater zone of interest depends on the volume of the
release and the properties of the subsurface soil and bedrock. Once COCs impact
groundwater, whether they have a reasonable probability of reaching a point of exposure,
(such as an existing well), depends on hydrogeological conditions including, but not
limited to: (i) groundwater flow direction, (ii) distance to well, (iii) the zone where the
wells are screened, (iv) casing of the well, and (v) biodegradability and other
physical/chemical properties of the COCs. Depending on site-specific conditions, a fate
and transport model may be used to evaluate the potential impacts (generally, such
modeling would be a Tier 3 activity).
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6.3.2 Future Conditions

All groundwater zones beneath and/or in the vicinity of the site that could potentially be
targeted in the future for the installation of domestic water wells must be identified. For
the purposes of this analysis, the saturated zone can be divided into multiple “layers”, but
all layers within the saturated zone must be considered

For each zone, determining whether the future groundwater use pathway is complete or
likely to be complete is based on consideration of the following factors:

Determination of Sufficient Activity and Use Limitations (AUL): If there is an AUL

in place that essentially eliminates any reasonable probability that a groundwater zone
under consideration will ever serve as a future source of domestic water, no further
evaluation of the groundwater use (domestic consumption) pathway is required for that
groundwater zone.

Suitability for Use Determination: For groundwater to be considered a viable water
supply source, total dissolved solids (TDS) and yield criteria must be met. Groundwater
containing less than 10,000 mg/L total dissolved solids shall be considered as having
sufficient natural quality to serve as a potential source of domestic water.

Groundwater zones capable of producing a minimum of 1/4 gallon per minute or 360
gallons per day on a sustained basis shall be considered as having sufficient yield to serve
as a potential source of domestic water. The yield of a bedrock aquifer should be based
on the measured or calculated production of a 6-inch drilled well that penetrates the lesser
of either the full saturated thickness of the aquifer or the uppermost 200 feet of the
saturated zone. The yield of a low yield unconsolidated (glacial drift or alluvial) aquifer
should be based on the measured or calculated production of a 3-ft diameter augered or
bored well that penetrates the lesser of either the entire saturated thickness of the aquifer
or the uppermost 50 feet of the saturated zone. Refer to Appendix D for further guidance
on determining whether a particular zone should be considered as a potential domestic
water source.

Groundwater zones meeting both TDS and yield criteria shall be considered as suitable
for domestic use.

Sole Source Determinationif the groundwater zone being considered is the only viable
source of water at or in the vicinity of the site (groundwater or surface water), then one
must assume that future domestic use is reasonable (irrespective of TDS or yield
considerations), and evaluate whether the zone is likely to be impacted by COCs from the
site. Determining the availability of alternative water supplies must include consideration
of other groundwater zones, municipal water supply systems, and surface water sources.
Note, however, in accordance with Figure 6-1, if the groundwater zone being evaluated is
determined to be suitable for use, the sole source determination step of the evaluation is
not relevant.

2 It must be assumed that all zones currently utilized will be utilized in the future as well.
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Probability of Future Use Determination: The probability that a groundwater zone
could be used as a future source of water for domestic consumption shall be evaluated
based on consideration of the following factors:

. Current groundwater use patterns in the vicinity of the site under evaluation,
. Suitability of use (e.g., TDS, yield),

. Availability of alternative water supplies,

. AULSs,

. Urban development considerations for sites in areas:

o of intensive historic industrial/commercial activity,
o located within metropolitan areas that had a population of at least 70,000 in
1970, and
o having groundwater zones in hydraulic communication with such
industrial/commercial surface activity.
. Aquifer capacity limitations (ability to support a given density of production
wells).

The above factors will be evaluated on a “weight of evidence” basis: the weight that a
single factor will be given in determining the probability of future use will vary based on
site-specific considerations, including the durability of the AUL.

The degree to which AULs will affect the determination will depend on the attributes of
the specific AUL. If the attributes of the AUL are not appropriate, the groundwater zone
might remain a reasonably likely future domestic water source, despite the existence of
the AUL. If the AUL does not explicitly apply to a specific water bearing zone that
meets each of the following criteria, that groundwater zone will generally be determined
as having a reasonable probability of future use:

(1) The zone is the highest quality groundwater resource (considering both yield and
natural quality) in the hydrostratigraphic column.

(i) The zone has sufficient quantity and yield to serve as a primary component of the
regional water supply.

(i)  The zone has no widespread groundwater impacts associated with historic human
activity in the vicinity of the site (excluding groundwater impacts associated with
the specific site).

The above is only one set of circumstances that would result in a determination that the
groundwater zone has a reasonable probability of future use as a domestic water supply.
Other circumstances might result in the same determination.

Each groundwater zone that has a reasonable probability of future use as a domestic

water supply shall be carried forward to the “probability of impact” determination
discussed below.

MRBCA Guidance Document Page 6-14 October 17, 2013



Probability of Impact Determination: The probability that the site could impact the
water quality in a groundwater zone having a reasonable probability of serving as a future
source of domestic water shall be evaluated. The evaluation shall consider the nature and
extent of contamination at the site, site hydrogeology including the potential presence of
karst features, contaminant fate and transport factors and mechanisms, and other pertinent
variables. For the purpose of evaluating potential site impacts to groundwater zones that
could serve as future water supply sources, the potential impact shall be evaluated at the
nearest down-gradient location that could reasonably be considered for installation of a
groundwater supply well. In the absence of durable AULs, the nearest location might be
on the site itself.

6.3.3 Evaluation of Complete Pathway

If the groundwater use pathway is deemed to be complete under current or future
conditions, it must be quantitatively evaluated as follows:

Step 1:Identification of the critical POE. The POE shall be the nearest down-gradient
three-dimensional location that could reasonably be considered for installation of a
groundwater supply well. Note that the POE need not necessarily be an actual existing
well; the POE could be a hypothetical well.

Step 2: Determination of target levels at the POE. For chemicals that have maximum
contaminant levels (MCLSs), the target level at the POE will be the MCLs. For chemicals
that do not have MCLs, the target levels will be the risk-based calculated value that
assumes groundwater ingestion and indoor inhalation of vapors based on water use. Note
that the indoor inhalation of vapors based on water use pathway will be considered only
for volatile COCs (refer tdigure 6-2).

Step 3:Identification of point of demonstration (POD) wells and calculation of target
levels at the POD. POD wells are found between the source and the POE for the purpose
of monitoring COC concentrations in groundwater as a means of protecting against
exceedances at the POE. Risk-based target concentrations will be developed for the POD
using appropriate fate and transport medsid site-specific parameters as explained in
Appendix B. If the POE is within an area where COCs in groundwater currently exceed
applicable target levels, a POD is not relevant. A POD is relevant only if the POE is
outside the area where COCs in groundwater exceed applicable target levels.

Step 4: Calculation of soil COC concentrations in the area of release. Risk-based target
levels for soil and groundwater source areas are calculated as indicated in Appendix B.

Thus the quantitative evaluation of this pathway requires the calculation of target levels
at the (i) POE, (ii) POD, and (iii) soil point and area of release. The soil point and area of
release concentrations must be compared with representative concentrations at the site
while the POE and POD are to be compared to COC concentrations at those points. If the
POE is within the groundwater COC plume, target levels for the POD and groundwater
source are not applicable.
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6.4 SURFACE WATER AND STREAM PROTECTION

Potential impacts to streams and other surface water bodies from a release must be
evaluated and surface water quality protected as per 10 CSR 20-7.031. Sampling for
COCs in surface water bodies will be necessary when COC migration is known or
suspected to adversely affect a surface water body.

6.4.1 Protection of Streams

Protection of streams requires the determination of (i) stream classification, (ii)
identification of the use designations of the stream, (iii) estimation of allowable COC
concentrations in the stream, (iv) determination of stream 7Q10, and (v) calculation of
allowable COC concentrations at various locations within the stream and the groundwater
plume. The latter include:

. Instream COC concentrations at the downstream edge (and beyond) of a mixing
zone (Gu),

. Instream COC concentrations at the downstream edge (and beyond) of the zone of
initial dilution, if applicable (Gg),

. Groundwater COC concentrations at the point of discharge of the groundwater
plume to the surface water bodyg

. Groundwater COC concentrations at points of demonstration at different distances
between the source and the point of discharggd{,@nd

. Soil COC concentrations at the source area soils)(C

The locations of these various points are schematically shoRigure 6-3. Depending
on site-specific conditions, sampling for COC concentrations at one or more of these
locations may be necessary.

The procedure for protection of streams and surface waters is shdiguiea 6-4 and
discussed below:

Step 1: Determine stream classificationAs per 10 CSR 20-7.031(1)(F), streams in
Missouri are classified as Class C, Class P, or P1 waters. Stream classification applies to
specific reaches of a stream and not necessarily to the entire stream length. Classification
of streams and the length of the classified segment can be found in Table H of 10 CSR
20-7.031. Streams not included in Table H are unclassified (Class U) and have no
assigned designated uses.

Step 2: Determine the beneficial use designation(s) of the streams per 10 CSR
20-7.031(1)(C), beneficial uses of a stream include one or more of the following:

. Irrigation (IRR),
. Livestock & wildlife watering (LWW),
. Protection of warm water aquatic life/human health — fish consumption (AQL),

. Cool water fishery (CLF),
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. Cold water fishery (CDF),
. Whole body contact recreation (WBC),

. Boating and canoeing (BTG),
. Drinking water supply (DWS), and
. Industrial (IND).

Beneficial use designations for classified streams are tabulated in Table H of 10 CSR 20-
7.031. A stream may have multiple beneficial use designations, in which case all
beneficial uses must be identified.

Step 3: Determine stream water quality criteria: Stream water quality criteria depend

on the beneficial use designation(s) of the stream and can be found in Table A of 10 CSR
20-7.031. For the COCs relevant to petroleum storage tank sites, the criteria are also
presented in Table 6-1. For streams with multiple beneficial uses, select the most
protective applicable criteria. For metals, the criteria for the protection of aquatic life
depend on the hardness of water. For specific water quality criteria values, refer to 10
CSR 20-7.031, Table A.

If chemicals for which water quality criteria are not available are present at a site, contact
MDNR'’s Water Protection Program (WPP) for further guidance.

For Class C and Class P or P1 streams, water quality criteria must be met at the
downstream edge of the mixing zone. For unclassified streams, applicable water quality
criteria must be met at the point of groundwater discharge to the stream.

Step 4: Determine 7Q10 and groundwater dischargeThe 7Q10 low-flow of a
stream is the average minimum flow for seven consecutive days that has a probable
recurrence interval of once-in-ten years. Estimation of 7Q10 shall follow current
industry practices as included in USGS and USEPA literature. The lowest value of 7Q10
that can be used as a default value for a Tier 1 risk assessment that includes Class C and
Class P or P1 streams is 0.1 cubic feet per second (cfs). Unclassified streams have a
default 7Q10 value of 0.0 cfs. Also, the volume of impacted groundwater discharging
into the stream must be determined. This determination is based on the dimensions of the
plume at the point of discharge and an average Darcy velocity at the point of discharge.
Specific equations are included in Appendix B. For flow-regulated streams, contact
MDNR’s WPP for the estimation of 7Q10.

Step 5: Estimate concentrations at the point of dischargeThe concentrations at the

point of discharge can be estimated using mass balance considerations. For streams with
a 7Q10 of 0.1 cfs or greater, the stream flow to be used in the calculation is 0.25 of the
7Q10 flow calculated in Step 4. The specific equations are included in Appendix B.

Step 6: Estimate groundwater and soil concentrations Applicable COC
concentrations for soil and groundwater can be back-calculated using the concept of
DAFs. The specific equations, a combination of the Summers Model and the
Domenico’s model, are presented in Appendix B.
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The soil and groundwater COC concentrations discussed above apply to the protection of
surface water. Other routes of exposure from groundwater, such as inhalation of volatiles
and ingestion of groundwater, must also be evaluated as part of the process. Cleanup
criteria based on these routes of exposure may result in allowable COC concentrations
lower than those protective of a surface water body.

Step 7: Other considerations:In addition to specific water quality criteria, general
water quality criteria must be met in waters of the state at all times, including mixing
zones. General water quality criteria are discussed in 10 CSR 20-7.031(3).

In addition to meeting chronic water quality criteria at the downstream edge of the
mixing zone, acute water quality criteria must be met as per the following:

. For Class C and unclassified streams, the acute criteria must be met at the point of
discharge.

. For Class P and P1 streams, the acute criteria must be met at the edge of the zone
of initial dilution and throughout the mixing zone.

. For an unclassified stream that flows into a classified stream or becomes a

classified stream downstream of the point of discharge, the acute criteria must be
met at the point of groundwater discharge to the unclassified stream.

6.4.2 Protection of Lakes

For lakes the above considerations also apply. Note that the mixing zone shall not
exceed one-quarter (¥4) of the lake width at the discharge point or one hundred feet (100
ft) from the point of discharge, whichever is less. Also, a zone of initial dilution is not
allowed in lakes.

6.5 ESTIMATION OF REPRESENTATIVE CONCENTRATIONS

Application of the MRBCA process results in target levels for each complete pathway
identified in the EM and each associated COC. For site-specific risk management
decisions, these target concentrations must be compared with appropriate representative
concentrations. Note, however, that for the direct contact with surficial soil pathway at a
residential site, the target levels are compared with the maximum surficial soil COC
concentrations. In addition, representative concentrations are not determined when
comparing COC concentrations to the DTLs. Rather, maximum COC concentrations are
used in this comparison.

Note that representative concentrations must be calculated for each complete route of
exposure._Since there may be several complete pathways at a site, several representative
concentrations, one for each complete pathway, must be calculated. If the maximum
media-specific concentration of a COC for a specific pathway does not exceed the target
level for that pathway, a representative concentration need not be calculated for that
pathway.
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Calculation of representative concentrations is further discussed at Appendix E. A brief
summary is presented in Table 6-2.

6.6 ECOLOGICAL RISK EVALUATION

A key objective of the MRBCA process is to manage sites so that they are protective of
both human health and the environment, the latter including all nhon-human organisms
and their habitat (i.e., ecological receptors). Exposures to ecological receptors must be
evaluated to ensure such receptors are adequately protected.

A three tiered process has been developed to incorporate ecological protection into the
MRBCA process. The ecological protection process includes the following:

Except at sites where initial investigations indicate that COC concentrations are below
the DTLs and the site poses no obvious threat to ecological receptors, a Tier 1 ecological
evaluation must be performed at every site to identify whether any ecological receptors or
habitat exist at, adjacent to, or near the site. This evaluation is accomplished through
completion of Ecological Risk Assessment Checklist #1 (Attachment A located at the end
of Section 5), consisting of eight questions. MDNR intends for this checklist to be a
gualitative evaluation that can be completed by an experienced environmental
professional who is not necessarily a trained biologist or ecologist. The checklist is
designed such that, if the answer to all the questions is negative, no further ecological
evaluation is necessary and there are no ecological concerns at the site.

A positive answer to any one of the eight questions in the checklist implies that a receptor
or a habitat exists on or near the site and, therefore, further evaluation is warranted. |If
any of the questions in checklist 1 are answered in the affirmative, a second checklist,
Checklist #2 (Attachment B located at the end of Section 5), consisting of seven
guestions, must be completed. The intent of this checklist is to determine whether any
complete pathways to the receptor(s) identified in Checklist #1 exist. If the answer to all
the questions is negative, the implication is that, even though a receptor exists on or near
the site, a complete pathway to the receptor(s) does not exist and, therefore, there are no
ecological concerns at the site. If the answer to one or more of the seven questions is
positive, a Tier 2 risk assessment may be necessary to determine whether contamination
at the site being evaluated poses an unacceptable risk to ecological receptors.

A Tier 2 ecological evaluation will include comparison of site-specific COC
concentrations that might reach an environmental receptor to existing literature values.
Examples of existing sources of these values include, but are not limited to, the
following:

. Oklahoma’s Water Quality Standards as presented in Title 785: Oklahoma Water
Resources Board, Chapter 45. Oklahoma’s Water Quality Standards. Subchapter
5. Surface Water Quality Standards. Part 3. Beneficial Uses and Criteria to
Protect Uses. Acquired from the Oklahoma Water Resources website
http://www.state.ok.us/~owrb/wg/StandardsNew _firtah.h
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. Ecotox Thresholds (ETs) as presented in ECO Update, US EPA, Office of Solid
Waste and Emergency Response. Publication 9354.0-12FSI, EPA 540/F-95/038,
PB95-963324. January 1996. Officer of Emergency and Remedial Response
Intermittent Bulletin Volume 3, Number 2.

. ORNL Values as presented in Toxicological Benchmarks for Screening Potential
Contaminants of Concern for Effects on Aquatic Biota: 1996 Revision. ES/R/Tm-
96/R2. Suter Il and C.L. Tsao. June.

If comparison of site-specific soil, groundwater, surface water, or sediment values

indicates that applicable values are exceeded, available options include: (i) performance
of a Tier 3 ecological evaluation or (ii) use of the applicable literature values as cleanup
goals. If the latter option is chosen, a corrective action plan (CAP) must be submitted,
approved by MDNR, and implemented in a timely manner.

A Tier 3 ecological evaluation will include a detailed site-specific evaluation as per the
current U.S. EPA guidance on performing risk evaluation (for instance, EPA’s April
1998, Guidelines for Ecological Risk Assessment, EPA/630/R-95/002F). A Tier 3 risk
assessment will require the development of a site-specific, detailed work plan and
approval of MDNR prior to its implementation.

6.7 CONSIDERATION OF NUISANCE CONDITIONS

In addition to the evaluation of human health and ecological risks, any nuisance
conditions that exist, such as objectionable taste or odor in groundwater, aesthetic
problems with resurfacing groundwater, and odor from soils remaining in place, must be
documented and reported to MDNR.

6.8  EVALUATION OF LIGHT NON-AQUEOUS PHASE LIQUID (LN APL)

Detection of the mobile phase of LNAPL, known as free product, must trigger a response
sufficient to achieve the following objectives:

1. Free product must not be present at levels that would cause explosive conditions
to occur at or near the site (see 10 CSR 26-2.075),

2. The extent of free product in the environment shall be fully delineated,

3. Dissolution of and volatilization from LNAPL must not generate dissolved phase
or vapor phase concentrations that result in unacceptable human or ecological
risk,

4. Free product must no longer be migrating, and

5 Free product shall be removed to the maximum extent practicable.

When data collected under the MRBCA process shows that these goals have been
achieved, no further evaluation or removal of free product will be required. In some
cases, provided all other requirements are met, MDNR may issue a NFA letter for a site
even though free product remains.
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A brief discussion of each of these objectives is presented below.
6.8.1 Protection against Explosive Risk

In certain circumstances, the presence of free product can pose a risk of explosion due to
vapor migration and accumulation. At sites where free product is present, vapor
monitoring must be conducted in the area immediately above and within 100 feet of the
known extent of free product. Such monitoring must use monitoring equipment capable
of detecting contaminants associated with the specific type of free product found at a site
at concentrations equal to or less than 10 percent of the lower explosive limit (LEL) of
each volatile component of the free product. Vapor concentrations must be monitored at
all utilities, subsurface and surface structures, and any other enclosed spaces found
immediately above and within 100 feet of the known extent of the free product plume.
The detection of vapors at concentrations equal to or greater than 10 percent of the LEL
of any one of the volatile components of the free product shall constitute a potential
explosion hazard and shall require abatement. Refer to Table 6-3 for a listing of the
LELs and 10% LELs of various volatile petroleum components.

6.8.2 Free Product Plume Shall be Fully Delineated

The occurrence of free product petroleum must be documented and investigations must
be conducted to determine the extent of the free product and whether and to what extent it
is migrating. This determination will require the installation of a number of borings and
monitoring wells sufficient to fully define the free product and periodic measurement of
free product in these wells. The resulting data must be sufficient to demonstrate spatial
and temporal trends in free product thickness. Note that free product thickness is
critically affected by water table fluctuations. Therefore, the collection of sufficient data,
especially at sites where there are strong seasonal and long-term water table fluctuations,
is very important to ensure accurate delineation and characterization.

6.8.3 Free ProducfTiered Risk Assessment

Free product can pose a direct risk to human health via, for instance, vapor migration or
direct contact. The risk free product poses to human health and the environment depends,
in part, on the dissolved and vapor phase concentrations associated with the free product.
These concentrations, in turn, depend on the composition of the free product. For a Tier 1
risk assessment, the default free product composition values shown in Table 5-2 are used
to estimate the dissolved and vapor phase concentrations associated with free product at a
site. To accurately evaluate free product at Tier 1 requires that the evaluator know the
specific type of free product present at his or her site (e.g., gasoline, diesel fuel, etc.). If
the free product is composed of more than one type of petroleum, all applicable values
from Table 5-2 must be used. The specific equations used to calculate the values in Table
5-2 are presented in Appendix B.

For a Tier 2 risk assessment, a sample of the free product at the site can be used to
determine the mole fraction of the various COCs comprising the free product and these
site-specific values can be used to evaluate risk. In the absence of such site-specific
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values, default values from Table 5-2 may be used at Tier 2 with adequate justification.
At Tier 3, alternate technically defensible methods and models to evaluate free product,
whether as to composition, fate and transport, or plume stability, may be proposed in the
work plan and used upon approval by MDNR.

6.8.4 Free Product Plume Stability

The stability of the free product plume must be evaluated. The outcome of such an
evaluation will, in part, dictate whether and to what extent continued free product
recovery is required. Refer to Section 5.9.3 of this document for information regarding
demonstrations of plume stability.

6.8.5 Practicability of Free Product Removal

Free product must be removed from the environment to the maximum extent practicable.
The degree of removal constituting the “maximum extent practicable” is a site-specific

determination and does not equate to a generic “free product thickness in well”

measurement that can be uniformly applied to all sites.

6.9 ACTIVITY AND USE LIMITATIONS

AULs can be used, when appropriate, in conjunction with, or instead of, active
remediation methods in managing risk at UST/AST sites. AULs will generally be used
when residual COCs will remain on a site following an evaluation of risk. AULs are
applied for a variety of reasons that include (ASTM, 2000):

. To eliminate certain pathways of exposure, e.g. an AUL that prevents the
construction of a structure on a portion of a site may eliminate the need to
evaluate the indoor inhalation exposure pathway;

. To ensure that information about past corrective action activities and the presence
of residual chemicals on the property is readily available to all current and future
interested parties (e.g. owners, tenants, lenders, etc.);

. To identify, for the benefit of all current and future interested parties, any
restrictions on the use of the property, e.g., if the property has been cleaned for
non-residential use, AULs shall specify that residential development of the site be

restricted,;

. To identify for the benefit of current and future interested parties the types of
activities that may be conducted without resulting in unacceptable risk,

. Identify any long term operation and maintenance obligations, e.g. if a vapor

barrier or ventilation system has been constructed under a building, an AUL
might identify periodic maintenance and operation requirements. In such cases,
the AUL will identify the entity responsible for these obligations.

. AULs may provide a right of entry to MDNR or others to allow for, for instance,
inspection of AUL provisions or the performance of any future on-site activities
that may be necessary, e.g. access to monitoring wells and the ability to install
additional wells, if necessary.

MDNR'’s AUL policy for the MRBCA process is found at Section 11 of this document.
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Site Specific Data Collection

.

Identify Groundwater Zones

A 4

Identify Existing
Wells

AUL That Eliminates
Reasonable
Probability of Future
Use?

Suitable for
Use?

Yes No
Only Source?

Reasonable
Probability of
Future Use2

No

A 4

Reasonable
Probability of

Impact by Site
COCs?

No Further Evaluation
of Groundwater Use
Pathway Required

Carry Groundwater Use Pathway
Forward

NOTE:
1. In this chart, “use” refers to domestic consumption.
2. The analysis embodied in the chart is performed for each groundwater zone of interest. The conclusion of the analysis (the

groundwater use pathway is either carried forward for additional consideration, or no further evaluation of the pathway is required)
applies to the individual groundwater zone under analysis. Different conclusions may apply to different groundwater zones at a given

site.
3. The attributes of an AUL must be sufficient to “eliminate reasonable probability of future use”, and, by that, allow a conclusion that

“no further evaluation of groundwater use pathway required.”

Figure 6-1. Site Conceptual Model for Domestic Consumption of Groundwater Exposure
Pathway Analysis
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Figure 6-2. Determination of Groundwater Target Concentration at POE
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Figure 6-3. Schematic of L eachate Migration From the Soil to a Stream

Explanation of Symbols
Qs = Stream flow upstream of the point of groundwater dischargefft*/day]
Cg, = Concentration upstream of the groundwater discharge [mg/L]
Qgw = Impacted groundwater discharge into the stream [ft*/day]
Csv = Allowable downstream concentration, i.e., specific water quality criteria to be met beyond the mixing [mg/L]
Cqw = Allowable concentration in the groundwater discharge to the stream [mg/L]
Cyus = Allowable concentration in the groundwater at the edge of the soil source [mg/L]
Csi = Allowable soil concentration at the source [mg/kg]
L, = Width of groundwater plume discharging to the stream [ft]
D, = Thickness of groundwater plume discharging to the stream [ft]

X = Distance from the downgradient edge of the groundwater source to the stream [ft]
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Table 6-1
Allowable COC Concentrations in Surface Water

Target Concentrations in Surface Water (mg/L)

AUrtiart
Chemical of Concerns Protection of HeaIFh Drinking o lees_togk and| Whole-body
Aquatic Life Protection — Water Supply Irrigation W|Id||_fe Contagt
Fish Watering Recreation
LConciimn: tion
Benzene 0.071 0.005
[[Toluene 200 1
[[Ethylbenzene 0.32 0.70
[[Xylenes (mixed) 10
[|Ethylene Dibromide (EDB) 0.00005
[|Ethylene Dichloride (EDC) 0.099 0.005
Methyl-tert-butyl-ether (MTBE) - . - - - -
Acenaphthene --- 2.7 1.2 - - -
Anthracene - 110 9.6 - - —
Benzo(a)anthracene --- 0.000049 0.0000044 - - -
[[Benzo(a)pyrene 0.000049 0.0002
[|Benzo(b)fluoranthene . 0.000049 0.0000044 - — —
[IBenzo(k)fluoranthene . 0.000049 0.0000044 - — —
[lChrysene 0.000049 0.0000044
[IDibenzo(a,h)anthracene 0.000049 0.0000044
[IFluoranthene - 0.37 0.30 - — .
[IFluorene - 14 1.3 - — —
[INaphthalene - - 0.02 - — .
Pyrene --- 11 0.96 --- - -
TPH-GRO
TPH-DRO
TPH-ORO

Tertiary-amyl-methyl-ether (TAME)

Tertiary-butyl- alcohol (TBA)

Ethyl-tert-butyl-ether (ETBE)

[IDiisopropy! ether (DIPE)

[|Ethanol

|[Methanol

---: Not available

Note that target concentrations for metals are hardness dependent; refer to 10 CSR 20-7, Table A for allowable concentrations.
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Table6-2

Calculation of Representative Concentrations

Route of Exposure

Calculation of Representative
Concentration

Surficial Soil (0-3 ft bgs)

Soil concentration protective of
leaching to groundwater or surface
water body

Average of the surface soil concentrations
collected within the area of release.

Direct contact with soil including
ingestion of soil, dermal contact with
soil, and the outdoor inhalation of
vapors and particul ates emitted by
surficial soils

Average of the surface soil concentrations
within exposure domain for non-residential
receptor. Maximum concentration for
residential receptor.

Subsurface Soil (> 3 ft bgs)

Indoor inhaation of vapor emissions

Average of the subsurface soil concentrations
collected below or within 10 ft of thereal or
hypothetical footprint of the building
(Excluding concentrations below water table
and capillary fringe).

Soil concentration protective of
leaching to groundwater

Average of the subsurface soil concentration
within the area of release (Excluding
concentrations below water table and
capillary fringe).

Groundwater

Indoor inhaation of vapor emissions

Average of the groundwater concentrations
around the footprint of the real or
hypothetical building

Dermal contact with groundwater

Average of the groundwater concentrations
that areceptor may come in contact with

Groundwater domestic use pathway
»  Concentration at POE

. Concentration at POD

Average of the groundwater concentrations*

Average of the groundwater concentrations*

» If the measured concentrations are stable, the representative concentration is the arithmetic
average of the most recent eight consecutive measurements, of which no two shall be less than

three months apart.

If the measured concentrations are decreasing, the representative

concentration is the arithmetic average of the most recent six consecutive measurements, of
which no two shall be less than three months apart.
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Table 6-3

Vapor Concentrations Protective of Explosive Hazards

Compound LEL (%) UEL (%) Action Levels (%)*
Gasoline 1.2 7.6 0.12 (1,200 ppm)
JP-4 1.3 8.0 0.13 (1,300 ppm)
Diesal Fuel 1.3 75 0.13 (1,300 ppm)
Fuel Oils 0.6 75 0.06 (600 ppm)
Kerosene 0.7 5.0 0.07 (700 ppm)
Benzene 1.3 7.9 0.13 (1,300 ppm)
Ethylbenzene 1.0 6.7 0.10 (1,000 ppm)
Toluene 1.2 7.1 0.12 (1,200 ppm)
Xylenes 1.0 7.0 0.10 (1,000 ppm)

* Action levels are equal to 10 % of the LEL.
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7.0
TIER 1 RISK ASSESSMENT

A Tier 1 risk assessment requires the followingste

Step 1:  Compilation of data and identification atalgaps,

Step 2: Development of exposure model (EM),

Step 3: Collection of data to fill data gaps,

Step 4:  Calculation of exposure pathway-specifipresentative concentrations of
chemicals of concern (COCSs) in affected media,

Step5:  Comparison of Tier 1 risk-based target Ife(®BTLS) with site-specific
representative concentrations,

Step 6: Recommendations for the next course admciind

Step 7: Documentation of Tier 1 risk assessment.

Details of each of these steps are presented below.

71 STEP1. COMPILATION OF DATA AND IDENTIFICATION OF DATA
GAPS

The objective of this step is to compile availaldéevant data, evaluate the data, and
identify any data gaps. This is best accomplidiedollecting all available data for the
site and comparing the data with the data needsusBed in Section 5.0. It is
recommended that this step and Step 2 (developeEMompleted simultaneously since
the development of an EM may also help in the ifieation of data gaps.

Examples of Tier 1 data gaps include:

. Lack of an updated/current land use map,

. Lack of soil or groundwater COC concentrations espntative of current
conditions (e.g. soil or groundwater COC data midgiet too old or not
representative of recent releases),

. Lack of a water well search,
. Contamination on the site insufficiently delinegtedd
. Lack of soil, soil vapor, and/or groundwater datadertain COCs.

Once all the data gaps have been identified, tladduetor may have to develop a work
plan that includes a (i) scope of work to fill imetdata gaps, (i§chedule, and (iii) cost

proposal. To ensure that all data gaps have been idtshtifefer to Section 5.0 of this
document.

! Cost proposals need not be submitted to MDNRpiay be required by the Petroleum Storage Tank
Insurance Fund.
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72 STEP2:. DEVELOPMENT OF EXPOSURE MODEL

This step is necessary to identify exposure patbvedya site that are currently complete
or that are reasonably likely to become completianénfuture. The presence of exposure
pathways and the types of pathways that might begmt are dependent on current and
anticipated future use of the site. If contamimathas migrated off-site, use of the

affected off-site property or properties must basidered independent of the use of the
site on which the contamination originated. Patysvahould be determined through

consideration of the locations of the point andaawé release in soil and the extent of
contamination in groundwater relative to the expequathways identified at Section 6.1

that might exist on-site and off-site. Clearlyjoprto determining exposure pathways,

sufficient site assessment will have had to be gotedi such that the horizontal and

vertical extents of COCs in soil and groundwateveh@een determined. Otherwise,

pathways that are of concern might be excludedatmpays not of concern (due to their

location relative to the location of soil and/orogndwater contamination) might be

erroneously included in the evaluation.

This step includes the development of an EM to tifler(i) all complete routes of
exposure for current and reasonably anticipatagréutand use, (ii) the exposure domain
for each complete route of exposure, and (iii) poent of exposure for each route of
exposure (refer to Section 6.1).

73 STEP3: COLLECTION OF DATA TOFILL DATA GAPS

This step will be necessary only if data gaps deatified in Step 1. Depending on the
specifics, this may require approval of a work pignMDNR?. Upon completion of this
step in a timely manner and with appropriate docuat®n of the fieldwork, the
evaluator shall proceed with Step 4 below.

74  STEP4 CALCULATION OF EXPOSURE PATHWAY-SPECIFIC
REPRESENTATIVE CONCENTRATIONS

Using the data compiled in Steps 1 and 3, the at@lushall calculate representative
chemical concentrations for affected soil, grounigwaand, as applicable, soil vapor, as
discussed in Section 6.5 and Appendix E. The neecdalculate representative

concentrations may be avoided by initially compgrthe historical maximum media-

specific concentrations for each pathway with tiex T RBTLs (Step 5). If the historical

maximum concentrations do not exceed the targedldecalculation of representative
concentrations is not necessary.

2 No work plan is required for soil vapor samplirapducted in accordance with tBeil Gas Sampling
Protocol in Appendix C of this guidance. A cost estimatyrhe required by the Petroleum Storage Tank
Insurance Fund.
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Depending on site conditions (and as discusseceatid 6.5), multiple representative
concentrations may have to be developed for a sker example, at a site where a
groundwater plume exists below an onsite commebeidtling and has migrated off-site
under a residential building, representative grovatdr concentrations beneath the on-
site building would be different from those beneti off-site building (in this example,
the occupants of the buildings are the receptodstha volatilization from groundwater
to indoor air is the exposure pathway).

75 STEPS5: COMPARISON OF TIER 1 RBTLs WITH SITE-SPECIFIC
REPRESENTATIVE CONCENTRATIONS

In this step, the Tier 1 RBTLs for the completetesuof exposure identified in Step 2 are
compared with the representative COC concentratatwilated in Step 4 (note that, for
surficial soil in a residential setting, the maximuCOC concentrations are used for
comparison). The Tier 1 target levels are presemeTables 7-1 to 7-6(c). Note that
Tables 7-4(a) to 7-4(c) present soil concentratiormgective of groundwater where the
domestic use of groundwater pathway is complete.

The target levels in Tables 7-4(a) to 7-6(c) wesveloped based on the point of
exposure (e.g., a groundwater well or a buildingthier enclosed space) being within a
set distance of (i.e., 25", 50’, 75’, etc.) theaad contamination (and groundwater at a
set depth). If one or more points of exposureaf@articular site are not within the area
of contamination, the equations in Appendix B a@ MRBCA computational software
(which uses the same equations as found in AppeBishall be used to calculate soil
concentrations protective of such distant pointexgfosure.

To evaluate COCs leaching from soil to groundwattee, user must select the nearest
distance where a domestic water use well is ordcdnd located under current and
reasonably anticipated future conditions. Depepdin this distance and the depth to
groundwater, as discussed above, soil concentsapootective of groundwater will be
selected from Tables 7-4(a), 7-4(b), or 7-4(c).

When the domestic groundwater use pathway is camplee evaluator must identify the
distance from the outer edges of the plume to #sast point at which a domestic water
use well (i.e., the point of exposure) is or cookdlocated under current and reasonably
anticipated future conditions. This point of expes might be on the site itself and
within the existing plume, in which case the diseawould be zero (0).

When the vapors from groundwater to indoor air wathis complete, the evaluator must
identify the distance from the outer edges of themg to the nearest point at which a
structure (i.e., the point of exposure) currentkses or could be built. This point of

exposure might be on the site itself and within ¢tierent extent of contamination, in

which case the distance would be zero (0).
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As mentioned in Step 4, the evaluator is encourageuitially compare maximum COC
concentrations to the RBTLs. If the maximum concdidns do not exceed the target
levels, calculating representative concentratisnsot necessary. Based on the results of
this step, the evaluator shall recommend the pathard as discussed in Step 6.

76 STEP6: RECOMMENDATIONS FOR THE NEXT COURSE OF
ACTION

Depending on the result of the comparison, onad@fdllowing alternatives is available.

Alternative 1: If the analyses at Steps 4 and 5 indicate thatwallent and potential
future exposure pathways are incomplete (both ah @ffisite) or that maximum or
representative concentrations of COCs do not excggulicable target levels for
complete exposure pathways, and provided the fallgveonditions are met, the tank
owner or operator may request that MDNR issue a Mf&ar for the release.

Condition 1: Confirmation that the plume is stable or decreggsee definition
at Section 5.9.3). |If this conditioirs not satisfied, the entity
conducting the cleanupshall recommend that compliance
monitoring be continued until the plume is demaaisly stable
and/or take actions to hasten plume stability.

Condition 2:  The maximum concentration of any COC does notedd 0 times
the representative concentration of that COC, foy exposure
pathway. This condition should be documented amNRK will
determine what actions, if any, will be necessaryadldress the
situation.

Condition 3: Assurance that the land use assumptions used ifMRRBCA
evaluation are not violated in the future. The dhder such
assurance may require that an activity and usddiion (AUL)
apply to the site prior to issuance of a no furthetion (NFA)
letter.

Condition 4: Absence of ecological concerns at the site. i tondition is not
met, the entity conducting the cleanughall provide
recommendations to MDNR to address the condition.

Alternative 2. If one or more representative concentrations edcne RBTLs, the

evaluator shall determine whether to conduct ctisecaction to achieve the Tier 1
RBTLs or otherwise mitigate risks to acceptablesleyconduct soil vapor sampling if
warranted, or perform a Tier 2 risk assessment. If the @atar chooses to conduct
corrective action, the tank owner or operator nsusimit a Corrective Action Plan (CAP)

3 If the soil or groundwater vapor intrusion pathviggomplete and COCs exceed the associated Tier 1
RBTLs.
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to MDNR for review and approval before correctiwti@n activities are implemented. If
the tank owner or operator intends to conduct sapor sampling, the soil vapor
sampling shall be conducted in accordance withSbg Vapor Sampling Protocol in

Appendix C of this guidance or under a differentttoeology as presented in a work
plan submitted to MDNR for approval.

77 STEP7: DOCUMENTATION OF TIER 1 RISK ASSESSMENT

To facilitate documentation and review of thier 1 risk assessment, the contents of the
various MRBCA reports are discussed in Section flthis document. Thé&ier 1 risk
assessment shall be appropriately documented dmlitted to MDNR. If a Tier 2 risk
assessment is conducted, both Tier 1 and Tier 2 risk assessments may be submitted
simultaneously. Refer to Section 2.5 and Sectidrfot further information regarding
reporting.
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Table7-1
Tier 1 Risk-Based Target Levelsfor Residential Land Use

Air Surficial Soil |Subsurface Soil| Soil Vapor Groundwater
Ingestion,
0';;?)?)'?:2: d I ndoor Indoor I ndoor
Chemicals of Concern I ndoor ) Inhalation of Inhalation of Inhalation of | Dermal Contact | Domestic Water Use
Particulates), e . e
Vapor Emissions|Vapor Emissions|Vapor Emissions
and Dermal
Contact
[mg/m®-air]  [mg/kd] [mg/kg] [mg/m®-air] [mg/L]

Benzene 4.98E-03 1.77E+02  * 3.78E-01 1.90E+02 1.00E+00 2.92E-01 5.00E-03 m
Toluene 2.92E+00 6.21E+03 * 499E+02 * 1.13E+05 + | 5.08E+02 # | 8.58E+00 1.00E+00 m
Ethylbenzene 6.06E-01 745E+03 * | 1.93E+02 * | 2.72E+04 + | 1.03E+02 # | 6.34E+00 # 7.00E-01 m
Xylenes (total) 6.06E-02 7.83E+03 * | 2.47E+01 2.91E+03 1.18E+01 213E+01 # | 1.00E+01 m
Ethylene dibromide (EDB) 4.27E-05 3.02E+00 8.61E-02 6.62E+00 2.30E-01 1.41E-02 5.00E-05 m
Ethylene dichloride (EDC) 9.86E-04 6.65E+01 1.32E-01 3.19E+01 8.62E-01 3.53E-01 5.00E-03 m
?:Ae_trrggem ary buityl ether 9.86E-02 | 3.45E+03 2.16E+01 4.14E+03 1.81E+02 2.35E+01 1.28E-01
Acenaphthene 1.25E-01 3.13E+03 * | 6.69E+04 * | 1.00E+04 + | 1.61E+03 # | 1.35E+00 1.65E-01
Anthracene 6.27E-01 157E+04 * | 3.90E+05 * | 6.50E+04 + | 229E+03 # | 3.17E+00 # | 6.96E-01 #
Benzo(a)anthracene 2.30E-04 6.20E+00 2.60E+05 * | 149E+01 + | 1.10E+02 # | 1.74E-04 1.03E-04
Benzo(a)pyrene 2.30E-05 6.20E-01 225E+05 * | 1.70E+00 + | 3.73E+01 # | 1.02E-05 2.00E-04 m
Benzo(b)fluoranthene 2.30E-04 6.19E+00 555E+04 * | 342E+01 + | 7.65E+00 # | 1.01E-04 6.27E-05
Benzo(k)fluoranthene 2.30E-04 6.20E+01 * | 6.83E+06 * | 3.14E+01 + | 937E+02 # | 1.04E-03 # | 6.46E-04
Chrysene 2.30E-03 5.99E+02 * | 1.92E+05 * | 3.12E+02 + | 8.17E+01 # | 1.74E-02 # 103E-02 #
Dibenzo(a,h)anthracene 2.19E-05 6.20E-01 2.22E+07 * 5.86E-01 + | 9.85E+02 # | 6.60E-06 4.21E-06
Fluoranthene 8.36E-02 228E+03 * | 9.01E+06 * | 9.27E+03 + | 1.42E+04 # | 3.00E-01 # 1.64E-01
Fluorene 8.36E-02 220E+03 * | 246E+05 * | 7.73E+03 + | 3.01E+03 # | 6.27E-01 1.03E-01
Naphthalene 7.48E-04 363E+01 * | 259E+01 * | 4.26E+01 + | 225E+00 # | 2.06E-02 1.09E-03
Pyrene 6.27E-02 1.71E+03 * | 1.07E+07 * | 7.69E+03 + | 1.73E+04 # | 164E-01 # | 9.61E-02
TPH-GRO 1.18E+01 3.54E+05 * 3.85E+02 3.97E+05 + | 2.08E+01 NA 1.81E+01
TPH-DRO 1.45E+00 1.40E+05 * 4.15E+03 * 4.87E+04 + 1.17E+02 # NA 343E+01 #
TPH-ORO NA 1.24E+05 * NA NA NA NA 3.18E+01 #
Aliphatics - > C6-C8 1.11E+01 3.44E+05 * 253E+02 * 3.72E+05 + | 9.94E+00 # NA 1.73E+01 #
Aliphatics - > C8-C10 6.06E-01 745E+03 * | 5.24E+01 2.04E+04 3.40E-01 NA 6.83E-01 #
Aliphatics - >C10-C12 6.06E-01 5.88E+03 * | 2.60E+02 * | 2.04E+04 + | 227E-01 # NA 6.83E-01 #
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Aliphatics - >C12-C16 6.06E-01 5.88E+03 * 1.18E+03 * 2.04E+04 + 5.23E-02 # NA 156E+00 #
Aliphatics - >C16-C21 NA 1.22E+05 * NA NA NA NA 3.13E+01 #
Aliphatics - >C21-C35 NA 1.22E+05 * NA NA NA NA 3.13E+01 #
Aromatics - >C8-C10 119E-01 | 2.84E+03 * | 8.03E+01 4.00E+03 1.05E+01 NA 1.72E-01
Aromatics - >C10-C12 1.19E-01 2.26E+03 * 433E+02 * 400E+03 + | 3.34E+01 # NA 1.72E-01
Aromatics - >C12-C16 1.19E-01 2.26E+03 * 2.28E+03 * 400E+03 + | 8.29E+01 # NA 1.72E-01
Aromatics - >C16-C21 NA 1.72E+03  * NA NA NA NA 4.69E-01
Aromatics - >C21-C35 NA 1.72E+03 * NA NA NA NA 4.69E-01 #
(Tfr;"\j‘gamy"methy"ether 480E-02 | 250E+03 * | 5.86E+00 2.31E+03 2.06E+01 1.86E+01 8.28E-02
Tertiary-butyl-alcohol (TBA) 1.80E-01 6.11E+03 1.03E+03 7.07E+03 1.32E+04 1.52E+02 2.86E-01
Ethyl-tert-butyl-ether (ETBE) | 1.80E-01 | 7.81E+01 2.58E+01 8.69E+03 9.90E+01 5.00E-01 1.44E-02
Diisopropyl ether (DIPE) 2.30E-01 | 6.91E+03 * | 3.30E+01 1.13E+04 8.19E+01 3.48E+01 3.51E-01

Ethanol 1.13E+00 2.62E+05 * 7.17E+03 3.28E+04 1.20E+05 2.48E+05 5.15E+02

Methanol 2.30E+00 3.67E+04 2.94E+04 5.11E+04 2. 77E+05 6.63E+03 7.81E+00

Arsenic 5.98E-06 3.89E+00 N/A N/A N/A 1.58E-01 1.00E-02 m
Barium 2.92E-04 1.50E+04 N/A N/A N/A 1.12E+03 2.00E+00 m
Cadmium 1.42E-05 1.68E+01 N/A N/A N/A 6.25E-01 5.00E-03 m
Chromium (11l tota 6.06E-05 | 7.46E+04 N/A N/A N/A 8.38E+03 1.00E-01 m
chromium

Chromium (V1) 2.14E-06 1.47E-01 N/A N/A N/A 2.83E-03 3.37E-06

Lead NA 2.60E+02 2.60E+02 N/A N/A NA 1.50E-02 m
Selenium 1.19E-04 3.80E+02 N/A N/A N/A 2.79E+01 5.00E-02 m
Notes:

NA: Not available N/A: Not applicable m: Target level isMCL. Soil concentrations are presented on a dry weight basis.

*. Calculated target level exceeds effective/saturated soil concentration for gasoline. Calculated value is shown.
#. Calculated target level exceeds effective/solubility for gasoline. Calculated value is shown.
+: Calculated target level exceeds effective/saturated vapor concentration for gasoline. Calculated value is shown.
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Table 7-2
Tier 1 Risk-Based Target Levelsfor Non-Residential Land Use

Air Surficial Soil |Subsurface Soil|  Soil Vapor Groundwater
Ingestion,
Inhalgtipn (Vapor Indqor Indoor Inhalation Indoor Inhalation
Chemicals of Concern Indoor Emissionsand Inhalation of of Vapor - Dermal Contact
Particulates), and [Vapor Emissions Emissions of Vapor Emissions
Dermal Contact
[mg/m*air]|  [mg/kg] [mg/kg] [mg/m®-air] [mg/L]

Benzene 1.06E-02 7.63E+02 *| 1.98E+00 9.98E+02 5.25E+00 1.06E+00
Toluene 9.54E+00 8.11E+04 *| 4.01E+03 * | 9.09E+05 +| 4.08E+03 # | 4.76E+01
Ethylbenzene 1.98E+00 9.75E+04  *| 155E+03 *| 218E+05 +| 8.32E+02 # | 351E+01 #
Xylenes (total) 1.98E-01 1.04E+05 *| 1.99e+02 * | 2.34E+04 +| 949E+01 # | 1.18E+02 #
Ethylene dibromide (EDB) 9.09E-05 1.25E+01 4.52E-01 3.47E+01 1.21E+00 5.15E-02
Ethylene dichloride (EDC) 2.10E-03 2.76E+02 6.91E-01 1.67E+02 4 52E+00 1.29E+00
Methyl tertiary butyl ether (MTBE) | 2.10E-01 149E+04 *| 1.13E+02 2.17E+04 9.46E+02 8.58E+01
Acenaphthene 4.09E-01 3.07E+04 *| 538E+05 * | 8.05e+04 +| 1.29e+04 # | 7.50E+00 #
Anthracene 2.04E+00 154E+05 *| 3.14E+06 *| 523E+05 + | 1.84E+04 # | 1.76E+01 #
Benzo(a)anthracene 4.89E-04 2.11E+01 1.36E+06 *| 7.83E+01 + | b5.79E+02 # 6.37E-04
Benzo(a)pyrene 4.89E-05 2.11E+00 1.18E+06 * | 893E+00 + | 1.956+02 # 3.74E-05
Benzo(b)fluoranthene 4.89E-04 210E+01  *| 291E+05 *| 1.79E+02 +| 4.01E+01 # 3.68E-04
Benzo(k)fluoranthene 4.89E-04 211E+02  *| 358E+07 *| 1.65E+02 + | 4.91E+03 # 3.80E-03 #
Chrysene 4.89E-03 199E+03 *| 1.01E+06 *| 1.63E+03 + | 4.28E+02 # 6.37E-02 #
Dibenzo(a,h)anthracene 4.65E-05 2.11E+00 1.16E+08 *| 3.07E+00 + | 5.16E+03 # 2.41E-05
Fluoranthene 2.73E-01 218E+04 *| 7.25E+07 *| 7.45E+04 +| 114E+05 # | 166E+00 #
Fluorene 2.73E-01 207E+04 *| 198E+06 * | 6.22E+04 + | 242E+04 # | 3.48E+00 #
Naphthalene 1.59E-03 1.19+02 *| 1.36E+02 * | 2.23E+02 +| 1.18E+01 # 7.51E-02 #
Pyrene 2.04E-01 164E+04 *| 8.64E+07 *| 6.18E+04 +| 1.39E+05 # 9.07E-01 #
TPH-GRO 3.85E+01 465E+06 *| 3.10E+03 * | 3.19E+06 + 1.67E+02 # NA
TPH-DRO 4.73E+00 141E+06 *| 3.34E+04 * | 3.92E+05 +| 9.38E+02 # NA
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TPH-ORO NA 125E+06 * NA NA NA NA
Aliphatics - > C6-C8 3.61E+01 452E+06  *| 203E+03 * | 299E+06 + | 7.99e+01 # NA
Aliphatics - > C8-C10 1.98E+00 9.75E+04  * | 4.21E+02 *| 164E+05 +| 2.73E+00 # NA
Aliphatics - >C10-C12 1.98E+00 598E+04 *| 2.09E+03 *| 1.64E+05 +| 1.82E+00 # NA
Aliphatics - >C12-C16 1.98E+00 598E+04 *| 9.50E+03 * | 1.64E+05 +| 421E-01 # NA
Aliphatics - >C16-C21 NA 123E+06 * NA NA NA NA
Aliphatics - >C21-C35 NA 123E+06 * NA NA NA NA
Aromatics - >C8-C10 3.89E-01 3.72E+04 *| 6.46E+02 *| 3.22E+04 + | B8.44E+01 # NA
Aromatics - >C10-C12 3.89E-01 233E+04  *| 348E+03 * | 3.22E+04 + | 2.69E+02 # NA
Aromatics - >C12-C16 3.89E-01 2.33E+04 *| 1.83E+04 *| 3.22E+04 +| 6.67E+02 # NA
Aromatics - >C16-C21 NA 165E+04 * NA NA NA NA
Aromatics - >C21-C35 NA 165E+04 * NA NA NA NA
Tertiary-amyl-methyl-ether (TAME)| 1.57E-01 3.29E+04 *| 4.71E+01 1.86E+04 1.66E+02 1.03E+02
Tertiary-butyl-alcohol (TBA) 5.86E-01 8.03E+04 *| 8.26E+03 5.69E+04 1.06E+05 8.44E+02
Ethyl-tert-butyl-ether (ETBE) 5.86E-01 1.02E+03 2.07E+02 6.99E+04 7.96E+02 2.77E+00
Diisopropyl ether (DIPE) 7.50E-01 9.07E+04  *| 2.65E+02 9.12E+04 6.59E+02 1.93E+02
Ethanol 3.68E+00 355E+06 *| 577/E+04 * | 2.64E+05 +| 9.66E+05 # | 1.37E+06 #
Methanol 7.50E+00 481E+05 *| 2.36E+05 * | 4.11E+05 + 2.23E+06 # 3.68E+04
Arsenic 1.27E-05 1.59E+01 N/A N/A N/A 5.78E-01
Barium 9.54E-04 1.81E+05 N/A N/A N/A 6.19E+03
Cadmium 3.03E-05 7.48E+01 N/A N/A N/A 2.28E+00
Chromium (I11) total chromium 1.98E-04 4.72E+05 N/A N/A N/A 4.65E+04
Chromium (V1) 4.54E-06 6.39E-01 N/A N/A N/A 1.03E-02
Lead NA 6.60E+02 6.60E+02 N/A N/A NA
Selenium 3.89E-04 4.78E+03 N/A N/A N/A 1.55E+02
Notes:

NA: Not available N/A: Not applicable Soil concentrations are presented on a dry weight basis.

*. Calculated target level exceeds effective/saturated soil concentration for gasoline. Calculated value is shown.
#. Calculated target level exceeds effective/solubility for gasoline. Calculated value is shown.
+: Calculated target level exceeds effective/saturated vapor concentration for gasoline. Calculated value is shown.
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Table 7-3
Tier 1 Risk-Based Target Levelsfor Construction Worker

Air Soil Groundwater
Ingestion,
Inhalation (Vapor .
Chemicals of Concern Outdoor Emissions and OOfu\t/i(;(;rr Ig:ﬁgﬁg Dermal Contact
Particulates), and
Dermal Contact
[mg/m®-air] [mg/kg] [mg/L]

Benzene 151E-01 1.82E+03 * 1.16E+04 # | 1.48E+01
Toluene 2.45E+01 138E+05  * 177E+06  # | 1.32E+02 #
Ethylbenzene 5.08E+00 581E+04  * 3.73E+05 # | 9.76E+01 #
Xylenes (total) 5.08E-01 7.21E+03  * 410E+04 # | 3.28E+02 #
Ethylene dibromide (EDB) 5.84E-03 7.74E+01 1.83E+03 3.58E+00
Ethylene dichloride (EDC) 2.45E-02 3.51E+02 3.98E+03 8.95E+01
Methyl tertiary butyl ether (MTBE) 1.35E+01 165E+05  * 295E+06  # | 5.96E+03
Acenaphthene 1.05E+00 257E+04  * 791E+05 # | 2.08E+01 #
Anthracene 5.26E+00 1.35E+05  * 182E+06 # | 4.890E+01 #
Benzo(a)anthracene 3.15E-02 119E+03 * 6.56E+05  # | 442E-02 #
Benzo(a)pyrene 3.15E-03 1.19E+02  * 220E+05 # | 259E-03 #
Benzo(b)fluoranthene 3.15E-02 1.14E+03 * 5.39E+04  # | 255E-02 #
Benzo(k)fluoranthene 3.15E-02 1.19E+04  * 553E+06 # | 2.64E-01 #
Chrysene 3.15E-01 6.57E+04  * 560E+05  # | 442E+00 #
Dibenzo(a,h)anthracene 2.99E-03 1.19E+02  * 580E+06 # | 1.67E-03
Fluoranthene 7.01E-01 4.38E+04  * 532E+06 # | 462E+00 #
Fluorene 7.01E-01 2.75E+04 * 1.23E+06 # | 9.66E+00 #
Naphthalene 1.51E-02 215E+02  * 4.82E+03  # | 5.21E+00 #
Pyrene 5.26E-01 3.37E+04 * 6.36E+06 # | 252E+00 #
TPH-GRO 9.90E+01 129E+06  * 9.06E+04 # NA
TPH-DRO 1.22E+01 3.01E+06  * 242E+05 # NA
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TPH-ORO NA 2.89E+06  * NA NA
Aliphatics - > C6-C8 9.29E+01 122E+06  * 4.76E+04  # NA
Aliphatics - > C8-C10 5.08E+00 5.81E+04  * 163E+03 # NA
Aliphatics - >C10-C12 5.08E+00 4.83E+04 * 109E+03 # NA
Aliphatics - >C12-C16 5.08E+00 4.83E+04  * 251E+02 # NA
Aliphatics - >C16-C21 NA 2.85E+06  * NA NA
Aliphatics - >C21-C35 NA 2.85E+06  * NA NA
Aromatics - >C8-C10 9.99E-01 127E+04  * 414E+04  # NA
Aromatics - >C10-C12 9.99E-01 1.15E+04 * 9.37E+04 # NA
Aromatics - >C12-C16 9.99E-01 1.15E+04  * 146E+05 # NA
Aromatics - >C16-C21 NA 3.72E+04  * NA NA
Aromatics - >C21-C35 NA 3.72E+04  * NA NA
Tertiary-amyl-methyl-ether (TAME) 4.03E-01 551E+03  * 549E+04  # | 2.86E+02
Tertiary-butyl-alcohol (TBA) 1.51E+00 2.00E+04  * 5.04E+06  # | 2.35E+03
Ethyl-tert-butyl-ether (ETBE) 1.51E+00 251E+03  * 235E+05  # | 7.70E+00
Diisopropyl ether (DIPE) 1.93E+00 252E+04  * 239E+05  # | 5.36E+02
Ethanol 9.46E+00 1.36E+05  * 446E+07 # | 3.81E+06 #
Methanol 1.93E+01 2.32E+05 * 1.02E+08 # | 1.02E+05
Arsenic 151E-04 6.54E+02 N/A 2.58E+01
Barium 2.45E-03 4.39E+05 N/A 1.72E+04
Cadmium 1.95E-03 2.81E+03 N/A 8.60E+01
Chromium (I11) total chromium 5.08E-04 5.21E+05 N/A 1.29E+05
Chromium (V1) 4.03E-05 4.30E+01 N/A 7.17E-01
Lead NA NA N/A NA
Selenium 9.99E-04 1.28E+04 N/A 4.30E+02
Notes:

NA: Not available N/A: Not applicable Soil concentrations are presented on a dry weight basis.

*. Calculated target level exceeds effective/saturated soil concentration for gasoline. Calculated value is shown.
#. Calculated target level exceeds effective/solubility for gasoline. Calculated value is shown.
+: Calculated target level exceeds effective/saturated vapor concentration for gasoline. Calculated value is shown.
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Table 7-4(a): Soil C of Domestic Use for Different Distances to POE
Depth to Groundwater <20’ (DAF=1)
Distance to POE (ft)

Chemicals of Concern

[) 25 50 75 100 150 200 250
Benzene 5.61€-02 5.66€-02 7.34E-02 1.14E-01 1.74E-01 3.49E-01 5.96E-01 9.13£-01
Toluene 2.98E+01 3.00E401 3.89E+01 6.05€:01 | * | 9.24E401 1.85E+02 3.16E402 4.84E402 | *
Ethylbenzene 3.99e+01 | *| 4.02ev01 5.21E+01 810£+01 | *| 124E402 2.48E402 4.23£402 6.49£402 | *
Xylenes (mixed) 6.34E402 | * | 6.40E+02 8.29E+02 1296403 | * | 197403 3.956+03 6.73£403 1036404 |*
KEE‘LL‘;"G bibromide 4.736-04 4.776-04 6.19E-04 9.61€-04 1.476-03 2.95€-03 5.02E-03 7.70€-03
Ethylene Dichloride (EDC)|  2.06E-02 2.07€-02 2.69E-02 4.18€-02 6.39E-02 1.286-01 2.18E-01 3.34E-01
u“&i;g“e"'b“w"eme’ 3.98E-01 4.02E-01 5.21E-01 8.09E-01 1.24E+00 2.48E+00 4.236400 6.48E+00
[Acenaphthene 1748402 1.76E+02 2.28E+02 354E:02 | *| 5416402 1.09E+03 1.85E+03 2836403 |*
[Anthracene 3066403 | * | 3.08E+03 4.00E403 6216403 | *| 9.49403 1.90E+04 3.24E404 4976404 | *
Benzo(a)anthracene 6.12E+00 6.18E400 8.01E+00 1.24E+01 1.90E+01 3.81E401 6.50E401 9.96E401 | *
Benzo(a)pyrene 3.04e+01 | *| 3.06E+01 3.97E+01 617601 | * | 9438401 1.89E+02 3.22E402 4.94E402 | *
Benzo(b)fluoranthene 1156+01 | *| 116401 1.50E+01 233601 | *| 3.56E401 7.15E401 1.22E402 1876402 |*
Benzo(K)fluoranthene 1186+02 | *| 1198402 1556402 2406402 | * | 367E402 7.36E402 1.26E+03 1926403 |*
Chrysene 612e¢02 | *| 6.18E402 8.01E+02 1246403 | *|  1.90E+03 3.81£403 6.50E403 9.96E403 | *
Dibenzo(a,h)anthracene | 2.38E+00 2.40E400 3.11E+00 4.83£400 7.39+00 1.48E+01 2.53E401 3.87E401
Fluoranthene 2616+03 | *| 263€+03 3.41E+03 5296403 | * | 8.10E403 1.62E+04 2.77€404 4.24E404 | *
Fluorene 2116402 | *| 2138402 2.76E+02 429602 | *| 6.55E402 1.31E+03 2.24£403 3436403 | *
Napthalene 3.256-01 3.28€-01 4.256-01 6.60€-01 1.01E+00 2.02E400 3.45£400 529£400 | *
Pyrene 1506403 | *| 1.52+03 1.96E+03 3056403 | * | 467€403 9.36E403 1.60E+04 2448000 |*
TPH-GRO NA NA NA NA NA NA NA NA
TPH-DRO NA NA NA NA NA NA NA NA
TPH-0RO NA NA NA NA NA NA NA NA
>C6- 8 (Aliphatics) NA NA NA NA NA NA NA NA
>C8 - C10 (Aliphatics) NA NA NA NA NA NA NA NA
>C10 - C12 (Aliphatics) NA NA NA NA NA NA NA NA
>C12 - C16 (Aliphatics) NA NA NA NA NA NA NA NA
>C16 - €35 (Aliphatics) NA NA NA NA NA NA NA NA
>C8 - C10 (Aromatics) NA NA NA NA NA NA NA NA
>C10 - C12 (Aromatics) NA NA NA NA NA NA NA NA
>C12 - C16 (Aromatics) NA NA NA NA NA NA NA NA
>C16 - C21 (Aromatics) NA NA NA NA NA NA NA NA
>C21 - €35 (Aromatics) NA NA NA NA NA NA NA NA
:;::'g\'ﬂ"z"’"mw' 6.77€-01 6.836-01 8.85E-01 1.37E+00 2.10+00 4.22E400 7.19E+00 1.10E+01
|::BAT'V utyl- alcohol 5.58E-01 5.63€-01 7.30E-01 1.13£400 1.73E+00 3.47E+00 5.926400 9.07E+00
LEE“;_B;e"'b“W"e‘her 1.06E-01 1.07E-01 1.39E-01 2.15€-01 3.296-01 6.60E-01 1.13£400 1.72€+00
Diisopropyl ether (DIPE) | 4.12E+00 4.15€400 5.38E+00 8.36E400 1.286+01 2.56E401 4.37€401 6.69E+01
Ethanol 7.74E+02 7.80E402 1.01E+03 1.57E+03 2.40E+03 4.826+03 821403 1.26E+04
Methanol 2.08E+01 2.10E401 2.72E401 4.23E401 6.46E+01 1.30E+02 2.21E402 3.38E402
[Arsenic 7.21E+00 7.27€400 9.43+00 1.46E+01 2.24E+01 4.49E401 7.65E401 1.17E+02
Barium 2.04E+03 2.06E403 2.66E+03 4.14E403 6.33E+03 1.27E+04 2.16E+04 3.31E404
Cadmium 9.31E+00 9.39E400 1.22E401 1.89E+01 2.89E+01 5.80E401 9.88E+01 1.51E+02
Chromium il 4.47E406 4.51E406 5.84E+06 9.07E406 1.39E+07 2.78E407 4.74E407 7.26E407
Chromium Vi 7.53€-03 7.60E-03 9.85€-03 1.536-02 2.34E-02 4.69E-02 8.00E-02 1.236-01
Lead NA NA NA NA NA NA NA NA
Selenium 6.27E+00 6.32£400 8.20E+00 1.27€+01 1.95E+01 3.90E401 6.66E401 1.02E+02
Notes:

NA : Not Available

Target levels are based on distance to groundwater < 20 ft for which default vadose zone DAF is 1.

All concentrationsin mg/kg.

* Vaue exceeds effective /saturated soil concentration
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Table 7-4(b): Soil Conc:

ation Pr

of Gr

Domestic Use for Different Distances to POE

Depth to Groundwater 20-50’ (DAF=2)

Chemicals of Concern

Distance to POE (ft)

0.00 25.00 50.00 75.00 100.00 150.00 200.00 250.00

Benzene 1.12E-01 113601 1.47€-01 2.28E-01 3.49E-01 6.99-01 1.19E+00 1.83E+00
Toluene sose+01 | *| 6016401 7.78E+01 1.216+02 | *| 1.85E+02 3.71E+02 6.32E+02 9.68E+02
Ethylbenzene 7.07e+01 | *| s.05e+01 1.04E+02 162e¢02 | *| 2.4se+02 4.97€+02 8.47E+02 1.30E+03
Xylenes (mixed) 127e+03 | *| 1.28e+03 1.66E+03 2586403 | *|  3.94E+03 7.90E+03 1.35E+04 2.06E+04
Ethylene Dibromide (EDB) |  9.46E-04 9.55E-04 1.24E-03 1.92€-03 2.94E-03 5.89E-03 1.00E-02 1.54E-02
Ethylene Dichloride (EDC) | 4.11E-02 4.156-02 5.38E-02 8.356-02 1.28E-01 2.56E-01 437601 6.69E-01
ﬁ;'{tembuwl'emer 7.96E-01 8.04E-01 1.04E400 1.62E+00 2.47E400 4.96E+00 8.46E+00 1.30E+01
Acenaphthene 3496402 | *| 3.52e+02 4.56E+02 7.08e+02 | *| 1.08e+03 2.17€+03 3.70E+03 5.67E+03
Anthracene 6.11E+03 * 6.17E+03 7.99€+03 1.24E+04 * 1.90E+04 3.81E+04 6.49E+04 9.94E+04
Benzo(a)anthracene 1.22€+01 1.24E+01 1.60E+01 249e+01 | *| 3.80e+01 7.63E+01 1.30E402 1.99E+02
Benzo(a)pyrene 6.07E+01 * 6.13E+01 7.94E+01 1.23E+02 * 1.89E+02 3.78E+02 6.45E+02 9.88E+02
Benzo(b)fluoranthene 230e+01 | *| 2.32e+01 3.00E+01 aeee+01 | *|  7.13e+01 1.43E402 2.44E402 3.73E402
Benzo(k)fluoranthene 2.36E+02 * 2.39E+02 3.09E+02 4.80E+02 * 7.34E+02 1.47E+03 2.51E+03 3.85E+03
Chrysene 1226403 | *| 124403 1.60E+03 2496403 |*| 3.80E+03 7.63E+03 1.30E+04 1.99E+04
Dibenzo(a,h)anthracene 4.76E+00 4.80E+00 6.23E+00 9.67E+00 1.48E+01 2.96E+01 5.05E+01 7.74E401
Fluoranthene 5216403 | *| s5.26E+03 6.82E+03 106e+04 | *| 1.62e+04 3.25E+04 5.54E+04 8.48E+04
Fluorene 422402 | *| a.26E+02 5.52E+02 857e+02 | *]| 1316403 2.63E+03 4.48E+03 6.87E+03
Napthalene 6.50E-01 6.56E-01 8.50E-01 132e¢00 |*| 2.02e+00 4.05E+00 6.90E+00 1.06E+01
Pyrene 3016403 | *| 3.03e+03 3.93£+03 6.10e+03 | *| 9.33e+03 1.87E+04 3.19E+04 4.89E+04
TPH-GRO NA NA NA NA NA NA NA NA
TPH-DRO NA NA NA NA NA NA NA NA
TPH-ORO NA NA NA NA NA NA NA NA
>C6-C8 (Aliphatics) NA NA NA NA NA NA NA NA
>C8- C10 (Aliphatics) NA NA NA NA NA NA NA NA
>C10 - C12 (Aliphatics) NA NA NA NA NA NA NA NA
>C12 - C16 (Aliphatics) NA NA NA NA NA NA NA NA
>C16 - C35 (Aliphatics) NA NA NA NA NA NA NA NA
>C8 - C10 (Aromatics) NA NA NA NA NA NA NA NA
>C10 - C12 (Aromatics) NA NA NA NA NA NA NA NA
>C12 - C16 (Aromatics) NA NA NA NA NA NA NA NA
>C16 - C21 (Aromatics) NA NA NA NA NA NA NA NA
>C21 - C35 (Aromatics) NA NA NA NA NA NA NA NA
:;:fz:‘;;g;'methyl' 1.35E400 1.37E400 1.77E400 2.75E400 4.20E400 8.43E+00 1.44E+01 2.20E401
(Tféx)ary’b“w" alcohol 1.12E+00 1.13E+00 1.46E+00 2.27E+00 3.47E+00 6.956+00 1.18E+01 1.81E+01
E;e"'b”ty"eme' 212601 2.14E-01 2.776-01 431E-01 6.58E-01 1.326+00 2.25E+00 3.45E+00
Diisopropyl ether (DIPE) 8.23E+00 8.31E+00 1.08E+01 1.67E+01 2.56E+01 5.13E+01 8.74E+01 1.34E+02
Ethanol 1.55E+03 1.56E+03 2.02€+03 3.14E+03 4.80E+03 9.63E+03 1.64E+04 2.52E+04
Methanol 4.16E+01 4.20E+01 5.44E+01 8.45E+01 1.29E+02 2.59E+02 4.42E+02 6.77E+02
Arsenic 1.44E+01 1.45E401 1.89E+01 2.93E+01 4.48E+01 8.98E+01 1.53E+02 2.34E402
Barium 4.07E+03 4.11E+03 5.33£+03 8.28E+03 1.27E+04 2.54E+04 4.336+04 6.63E+04
Cadmium 1.86E+01 1.88E+01 2.44E+01 3.78E+01 5.78E+01 1.16E+02 1.98E+02 3.03E+02
Chromium il 8.93E+06 9.01E+06 1.17E+07 1.81E+07 2.77E+07 5.56E+07 9.48E+07 1.45E+08
Chromium VI 1.51E-02 1.52E-02 1.97E-02 3.06E-02 4.68E-02 9.38E-02 1.60E-01 2.45E-01
Lead NA NA NA NA NA NA NA NA
Selenium 1.25E+01 1.26E+01 1.64E+01 2.55E+01 3.89E+01 7.81E+01 1.33E402 2.04E+02
Notes:

NA : Not Available

Target levels are based on distance to groundwater between 20 and 50 ft for which default vadose zone DAF is 2.
All concentrations in mg/kg.

* Value exceeds effective /saturated soil concentration
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Table 7-4(c): Soil Concentration Protective of Groundwater Domestic Use for Different Distances to POE

Depth to Groundwater >50’ (DAF=4)

Distance to POE (ft)

Chemicals of Concern
0.00 25.00 50.00 75.00 100.00 150.00 200.00 250.00
Benzene 2.24E-01 2.26€-01 2.94-01 4.56E-01 6.97€-01 1.40E400 2.38E+00 3.65E+00
Toluene 1.19E+02 1206402 | *|  wseer02 | x| 242e¢02 || 370e:02  [*]  7.41e402 1266403 |*|  1.94es03
Ethylbenzene 1.59E402 1616¢02 | *|  200e+02 | *| 324es02 | *| aosero2  [*|  o.93e+02 169£+03  |*|  2.59E+03
Xylenes (mixed) 2.54E+03 2566403 | *| 3326403 | x| sases03 [ +|  7sseros  [*]  1ssev0a 260e+04 | *|  a13e+04
(EE(E‘Q)E”E bibromide 1.89E-03 1.91€-03 2.47€-03 3.84E-03 5.88E-03 1.18E-02 2.01E-02 3.08E-02
(E;g‘é']e"e Dichloride 8.22€-02 8.30€-02 1.08€-01 1.67€-01 2.556-01 512601 8.73E-:01 1.34E+00
Methyl-tert-butyl-ether 1.59E400 1.61E+00 2.08E+00 3.24£400 4.95E+00 9.92E+00 1.69E+01 2.50E+01
(mTBE)
Acenaphthene 6.97E+02 7036402 | *|  oa2er02 | x| 1a2e:03 [ *|  21ee:03  [*] 434403 740403 |*|  113e+04
Anthracene 1.22€+04 123e+04 | *|  1eoe+0a | *|  24ses0sa | *| 3soet0a  [*|  7.61ev04 1306405 |*|  1.99E+05
Benzo(a)anthracene 2.45E+01 247ev01 | *|  320ee01 | *]|  asseson | +| ze1ev0r  [¢]  w1s3ee02 260402 |*|  3.98E+02
Benzo(a)pyrene 1.21E+02 123e+02 | *|  aseer02 | x| 2a7es02 | <] 377Ee02 [¢|  7er02 1206403 |*|  1.98E+03
Benzo(b)fluoranthene 4.50E+01 a63c+01 | *| eooesor [ *| os2eror |+ 143e:02  |*]  286e02 ag7e:02  |*| 7478002
Benzo(k)fluoranthene 4.73E+02 a77e+02 | *| eases02 | *| oe1evo2 |+ 147e+03  |*]| 295603 so2e+03 | *|  7.69e+03
Chrysene 2.45E+03 2476403 | *|  320e¢03 | *| aoseso3 | +| 7e1ev03  [¢| 153404 260404 |*|  3.98€+04
Dibenzo(a,h)anthracene | 9.52E+00 9.60E+00 1.25E+01 1.93E+01 2.96E+01 5.936+01 rotes02  |+]  1sseso2
Fluoranthene 1.04E+04 1osev0a || 13eev0s | *|  212es0a | ¢|  324k008  [*|  6.40ev04 ruesos  |*| 170405
Fluorene 8.44E+02 8sae+02 | *| 110es03 | *| w71ev03 |+ 262e+03  [*]  s.26e+03 896E+03 | *|  137e+04
Napthalene 1.30E+00 1316400 | *| 170e¢00 | *| 264es00 || aosev00  [*| s.10ev00 13ses01  |*| 212801
Pyrene 6.01E+03 6o6e+03 | *| 7see+03 | *|  122es0a | *|  1s7Ev0a  [*|  3.74Ev04 63s+04 | *|  o9.78e+04
TPH-GRO NA NA NA NA NA NA NA NA
TPH-DRO NA NA NA NA NA NA NA NA
TPH-ORO NA NA NA NA NA NA NA NA
>C6-C8 (Aliphatics) NA NA NA NA NA NA NA NA
>C8 - C10 (Aliphatics) NA NA NA NA NA NA NA NA
>C10 - C12 (Aliphatics) NA NA NA NA NA NA NA NA
>C12 - C16 (Aliphatics) NA NA NA NA NA NA NA NA
>C16 - C35 (Aliphatics) NA NA NA NA NA NA NA NA
>C8 - C10 (Aromatics) NA NA NA NA NA NA NA NA
>C10 - C12 (Aromatics) NA NA NA NA NA NA NA NA
>C12 - C16 (Aromatics) NA NA NA NA NA NA NA NA
>C16 - C21 (Aromatics) NA NA NA NA NA NA NA NA
>C21 - €35 (Aromatics) NA NA NA NA NA NA NA NA
Tertiary-amyl-methyl- 2.71E+00 2.73E+00 3.54E+00 5.50E+00 8.41E400 1.69E+01 2.87E+01 4.40E+01
Iether TAME)
Tary-butyl- alcohol
(TTZ':?'V butyl- alcoho 2.23€400 2.25E+00 2.92€400 4536400 6.93E+00 1.39E+01 2.37E+01 3.636+01
Ethyl-tert-butyl-ether 4.24£-01 428601 5.54£-01 8.616-:01 1.32E+00 2.64E+00 4.50E+00 6.90E+00
(ETBE)
Diisopropyl ether (DIPE) | 1.65E+01 1.66E+01 2.15€401 3.34E401 5.11E+01 1.03£+02 1.75E402 2.68E+02
Ethanol 3.00E+03 3.12€+03 4.05E+03 6.28E+03 9.61E+03 1.93E+04 3206+04  |*|  s.03e+04
Methanol 8.32E+01 8.40E+01 1.09E+02 1.69E+02 2.58+02 5.18E+02 8.84E+02 1.35€403
Arsenic 2.88E+01 2.91E+01 3.77E+01 5.86E+01 8.95E401 1.80E+02 3.06E+02 4.69E+02
Barium 8.15E+03 8.22E+03 1.076+04 1.66E+04 2.53E+04 5.07E+04 8.65E+04 1.33E405
Cadmium 3.72E401 3.76E+01 4.87E+01 7.56E+01 1.16E+02 2.326+02 3.95E+02 6.06E+02
Chromium I 1.79E407 1.80E+07 2.34E+07 3.63£407 5.55E407 1.11E+08 1.90E+08 2.91E+08
Chromium VI 3.01E-02 3.04E-02 3.94E-02 6.12E-02 9.36E-02 1.88E-01 3.20€-01 4.90E-01
Lead NA NA NA NA NA NA NA NA
Selenium 2.51E+01 2.53E+01 3.28E+01 5.00E+01 7.79E+01 1.56E+02 2.66E+02 4.08E+02
Notes:
NA : Not Available
Target levels are based on distance to groundwater >50 ft for which default vadose zone DAF is 4.
All concentrations in mg/kg.
* Value exceeds effective /saturated soil concentration 17-Oct-13
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Table 7-5(a): Soil Concentration Protective of Indoor Inhalation for Groundwater for Different Distances to On/Off-Site Building for Resident
Depth to Groundwater <20’ (DAF=1)
Distance to POE (ft)
Chemicals of Concern
0.00 25.00 50.00 75.00 100.00 150.00 200.00 250.00
Benzene 1.12E+01 1136401 1.47E+01 2.286401 | 349601 | 7006401 |* 119E+02 |* 1836102 |*
Toluene 1516404 || 1526704 |*|  19sex04  |f|  307er0a  |* 4.69E704 |* 9.41Ev04  |* 160E+05 | 2466405 |*
Ethylbenzene 589E+03 || 5056103 |*|  7.71e+03 ||  1.20ev04  |* 1836+04 | 3676+04 | 6266404 | 959E+04  |*
Xylenes (mixed) 7.486:02 || 7556702 |*]  979E+02 || 152603 | 2.326¢03 | 4.66E103 |* 7946403 |* 1226404 |*
Ethylene Dibromide (EDB)|  2.18E+00 2.20E400 2.85E400 4.43E400 6.77E400 1.36E401 2.32E401 3.55E401
Ethylene Dichloride (EDC) | 3.68E+00 3.71E400 4.81E+00 7.47E400 1.14E401 2.29E401 3.90E+01 5.98E+01
&eTtgél)*e"'b“tyl'ether 5.62E402 5.67E+02 7.35E402 1.14E+03 1.75E+03 3.50E+03 5.97E403 9.15E+03 *
Acenaphthene 1708406 |*|  L71E+06 || 2.22ev06 ||  3.456t06 | 5276406 |*]  1.06E+07  |*|  L180E+07 - 2766407 | *
[Anthracene 100E+07  |*|  L01E+07 || 131ex07 ||  2.046t07 | 3126407 |*|  6.26E+07  |*|  1.07E+08 - 1636408 |*
Benzo(a)anthracene 6556406 || 6.60Ev06  |*|  856E+06  |*|  133ev07  |* 2.036:07 | *| 4086107 |*|  6.95E+07 - 106E+08 | *
[Benzo(a)pyrene 5676106 || 5726106 |*|  7.416+06  |*|  1i5E¢07  |* 176807 | *|  3.53ex07  |*|  6.01E+07 - 9226407 | *
[Benzo(b)fiuoranthene 1406406 ||  141Ev06  |*| 1.83e+06  |*|  284E+06  |* 4356106 |*|  8.726+t06 | *]  1.49E+07 - 2286407 | *
Benzo(k)fluoranthene 1726408 || 173ev08  |*| 2.24e+08  |*|  3.49Ev08  |* 533608 |*] 1076409 |*|  1.82E+09 - 2.79E409 | *
Chrysene 4.84E706 || 4.88E+06  |*|  6.336+06  |*|  9.83tv06  |* 1506407 |*|  301Ex07  |*|  5.14E+07 - 7876107 | *
Dibenzola,h)anthracene 5576:08 || 5.626¢08  |*|  7.20e+08 || 1.13E+09  |* 1736:09 | *|  3.476+09  |*|  5.926+09 - 9076109 | *
Fluoranthene 2.276:08 || 2.29ev08  |*| 2.97e+08 ||  461Er08  |* 7056408 |*| 1416409 |*|  2.41E+09 - 369E109 | *
Fluorene 6196106 ||  6.25€v06  |*|  8.10e+06 ||  1.26Ev07  |* 1926407 |*|  3.86E+07  |*|  6.57E+07 - 101E+08 |
Napthalene 6.726¢02 ||  6.78ev02  |*| 879E+02 ||  136E+03  |* 2.006403 | *| 4186103 |*|  7.13+03 - 109E+04 |
Pyrene 2.70408 || 2.73ev08  |*|  3.53e+08 || S.49ev08  |* 839E+08  |*|  168£+09 | *]  2.87E+09 - 4.40E¥09 | *
TPH-GRO NA NA NA NA NA NA NA NA
TPH-DRO NA NA NA NA NA NA NA NA
TPH-ORO NA NA NA NA NA NA NA NA
>C6-C8 (Aliphatics) NA NA NA NA NA NA NA NA
>C8 - C10 (Aliphatics) NA NA NA NA NA NA NA NA
>C10 - C12 (Aliphatics) NA NA NA NA NA NA NA NA
>C12 - C16 (Aliphatics) NA NA NA NA NA NA NA NA
>C16 - C35 (Aliphatics) NA NA NA NA NA NA NA NA
>C8 - C10 (Aromatics) NA NA NA NA NA NA NA NA
>C10 - C12 (Aromatics) NA NA NA NA NA NA NA NA
>C12 - C16 (Aromatics) NA NA NA NA NA NA NA NA
>C16 - 21 (Aromatics) NA NA NA NA NA NA NA NA
>C21 - C35 (Aromatics) NA NA NA NA NA NA NA NA
1:}:2?:¥2'\Tg)"methvl' 1.68E+02 1.70E+02 2.20E402 3.42E402 5.23E402 1.05E+03 1.79E+03 * 2.74E+03 *
(T:;z?rv'buwl' alcohol 2506404 |*| 2616008 |*|  338ev04  |f|  s2sesos  |¢|  so3Es0a |+ 1.61E+05 * 2.75E405 * 4.21E405 *
fgg;ert'buw"emer 7.28E402 7.34E402 9.52E402 1.48E+03 2.26E403 «| 4536403 * 7.72E403 * 11ge+04  |*
Diisopropyl ether (DIPE) 9.62E402 9.71E402 1266403 || 19sev03  |*]  290ev03  |*| o sooe03  |*]  1.02ev04 * 1576404 |*
Ethanol 1816+05  |*]  1826¢05  |*] 2366405 |*|  3.676+05 | *|  S61E+05 | *|  1.12e+06 | *|  1.92E+06 * 2.94E406 | *
Methanol 7396405 |*]  7.456¢05  |*]  9.66E+05  |*|  150E+06 | *|  2.29E¢06 | *|  4.60e+06  |*|  7.84E+06 * 1206407 |*
Arsenic NA NA NA NA NA NA NA NA
Barium NA NA NA NA NA NA NA NA
Cadmium NA NA NA NA NA NA NA NA
Chromium Il NA NA NA NA NA NA NA NA
Chromium VI NA NA NA NA NA NA NA NA
Lead NA NA NA NA NA NA NA NA
Selenium NA NA NA NA NA NA NA NA
Notes:

NA : Not Available

Target levels are based on distance to groundwater < 20 ft for which default vadose zone DAF is 1.
All concentrations in mg/kg.

* Value exceeds effective/saturated soil concentration
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Table 7-5(b):

Soil Concentration Protective of Indoor Inhalation for Groundwater for Different Distances to On/Off-Site Building for Resident

Depth to Groundwater 20’ — 50’ (DAF=2)

Chemicals of Concern

Distance to POE (ft)

0.00 25.00 50.00 75.00 100.00 150.00 200.00 250.00

Benzene 2.25E+01 * 2.27E+01 2.94E+01 4.57E+01 6.98E+01 1.40E+02 2.39E+02 3.66E+02
Toluene 3.02E+04 * 3.05E+04 3.95E+04 6.14E+04 9.39E+04 1.88E+05 3.21E+05 4.92E+05
Ethylbenzene 1.18E+04 * 1.19E+04 1.54E+04 2.39E+04 3.66E+04 7.34E+04 1.25E+05 1.92E+05
Xylenes (mixed) 1.50E+03 * 1.51E+03 1.96E+03 3.04E+03 4.65E+03 9.32E+03 1.59E+04 2.43E+04
Ethylene Dibromide (EDB) 4.36E+00 4.40E+00 5.70E+00 8.86E+00 1.35E+01 2.72E+01 4.63E+01 7.10E+01
Ethylene Dichloride (EDC) 7.36E+00 7.42E+00 9.62E+00 1.49E+01 2.28E+01 4.58E+01 7.81E+01 1.20E+02
:‘::Ttgg'te"'b“tyl'aher 1.12E+03 1.13E+03 1.476+03 2.28E+03 3.49E+03 7.00E+03 1.19E+04 1.83E+04
Acenaphthene 3.39E+06 * 3.42E+06 4.44E+06 6.89E+06 1.05E+07 2.11E+07 3.60E+07 5.52E+07
Anthracene 2.01E+07 * 2.03E+07 2.63E+07 4.08E+07 6.24E+07 1.25E+08 2.13E+08 3.27E+08
Benzo(a)anthracene 1.31E+07 * 1.32E+07 1.71E+07 2.66E+07 4.07E+07 8.15E+07 1.39E+08 2.13E+08
Benzo(a)pyrene 1.13E+07 * 1.14E+07 1.48E+07 2.30E+07 3.52E+07 7.06E+07 1.20E+08 1.84E+08
Benzo(b)fluoranthene 2.80E+06 * 2.83E+06 3.66E+06 5.69E+06 8.70E+06 1.74E+07 2.97E+07 4.56E+07
Benzo(k)fluoranthene 3.43E+08 * 3.46E+08 4.49E+08 6.97E+08 1.07E+09 2.14E+09 3.64E+09 5.58E+09
Chrysene 9.68E+06 * 9.76E+06 1.27E+07 1.97E+07 3.01E+07 6.03E+07 1.03E+08 1.57E+08
Dibenzo(a,h)anthracene 1.11E+09 * 1.12E+09 1.46E+09 2.26E+09 3.46E+09 6.94E+09 1.18E+10 1.81E+10
Fluoranthene 4.54E+08 * 4.58E+08 5.93E+08 9.22E+08 1.41E+09 2.83E+09 4.82E+09 7.38E+09
Fluorene 1.24E+07 * 1.25E+07 1.62E+07 2.52E+07 3.85E+07 7.71E+07 1.31E+08 2.01E+08
Napthalene 1.34E+03 * 1.36E+03 1.76E+03 2.73E+03 4.17E+03 8.37E+03 1.43E+04 2.19E+04
Pyrene 5.41E+08 * 5.45E+08 7.07E+08 1.10E+09 1.68E+09 3.37E+09 5.74E+09 8.79E+09
TPH-GRO NA NA NA NA NA NA NA NA
TPH-DRO NA NA NA NA NA NA NA NA
TPH-ORO NA NA NA NA NA NA NA NA
>C6 - C8 (Aliphatics) NA NA NA NA NA NA NA NA
>C8 - C10 (Aliphatics) NA NA NA NA NA NA NA NA
>C10 - C12 (Aliphatics) NA NA NA NA NA NA NA NA
>C12 - C16 (Aliphatics) NA NA NA NA NA NA NA NA
>C16 - C35 (Aliphatics) NA NA NA NA NA NA NA NA
>C8 - C10 (Aromatics) NA NA NA NA NA NA NA NA
>C10 - C12 (Aromatics) NA NA NA NA NA NA NA NA
>C12 - C16 (Aromatics) NA NA NA NA NA NA NA NA
>C16 - C21 (Aromatics) NA NA NA NA NA NA NA NA
>C21 - C35 (Aromatics) NA NA NA NA NA NA NA NA
Tertiary-amyl-methyl-ether

3.37E+02 3.40E+02 4.40E+02 6.84E+02 1.05E+03 2.10E+03 3.58E+03 5.48E+03
TAME)
Tertiary-butyl- alcohol (TBA) 5.17E+04 * 5.22E+04 6.77E+04 1.05E+05 1.61E+05 3.22E+05 5.49E+05 8.41E+05
Ethyl-tert-butyl-ether (ETBE) 1.46E+03 1.47E+03 1.90E+03 2.96E+03 4.52E+03 9.06E+03 1.54E+04 2.37E+04
Diisopropy! ether (DIPE) 1.92E+03 * 1.94E+03 2.52E+03 3.91E+03 5.98E+03 1.20E+04 2.04E+04 3.13E+04
Ethanol 3.61E+05 * 3.64E+05 4.72E+05 7.33E+05 1.12E+06 2.25E+06 3.83E+06 5.87E+06
Methanol 1.48E+06 * 1.49E+06 1.93E+06 3.00E+06 4.59E+06 9.20E+06 1.57E+07 2.40E+07
Arsenic NA NA NA NA NA NA NA NA
Barium NA NA NA NA NA NA NA NA
Cadmium NA NA NA NA NA NA NA NA
Chromium IlI NA NA NA NA NA NA NA NA
Chromium VI NA NA NA NA NA NA NA NA
Selenium NA NA NA NA NA NA NA NA
Notes:

NA : Not Available

Target levels are based on distance to groundwater between 20 and 50 ft for which default vadose zone DAF is 2.

All concentrationsin mg/kg.
* Value exceeds effective/saturated soil concentration
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Table 7-5(c): Soil Concentration Protective of Indoor Inhalation for Groundwater for Different Distances to On/Off-Site Building for Resident

Depth to Groundwater > 50’ (DAF=4)

Chemicals of Concern

Distance to POE (ft)

[) 25 50 75 100 150 200 250
Benzene 4.50E+01 4.54E+01 S88E+01 | *|  9.43+01  |*|  1.40E+02 2.80E+02 4.77E+02 | 73102
Toluene 6.05E+04 6.10E+04 7916+04 | *]  L.236+05  |*]  L.88E+0S 3.76E405 6.426+05 | 9.83E+05
Ethylbenzene 2.36E+04 2.38E+04 308E:04 | *|  4796+04  |*|  7.326+04 1476405 2.50E+05 «| " 3.83E+05
Xylenes (mixed) 2.99E+03 3.02E+03 391603 |*]  6.08£+03  |*]  9.30E+03 1.86E+04 3.186+04 | as7E+04
Ethylene Dibromide (EDB)|  8.72£+00 8.80E+00 1.14E+01 1.776+01 2.71E401 5436401 9.26E401 1.42E+02
Ethylene Dichloride (EDC) | 1.47E+01 1.48E+01 1.92E+01 2.99E+01 4.57E401 9.16E+01 1.56E+02 2.30E+02
Methyl-tert-butyl-ether 2.25E403 2.27E+03 2.94E+03 4.57E+03 6.98E+03 1.40E+04 2.39E+04 «|  366E+04
vree)
Acenaphthene 6.78E+06 6.85E+06 8.87E+06 * 1.38E+07 * 2.11E+07 4.23E+07 7.20E+07 * 1.10E+08
Anthracene 4.02E+07 4.05E+07 5256107 |* | 8.46E+07  |*|  L.25E+08 2.50E+08 4276108 |* 6.54E+08
Benzo(a)anthracene 2.62E+07 2.64E+07 3.42E+07 * 5.32E+07 * 8.13E+07 1.63E+08 2.78E+08 * 4.26E+08
Benzo(a)pyrene 2.27E+07 2.29E+07 2966407 |* | 4.60E+07 _ |*| _ 7.04E+07 1.41E+08 2.416108|* 3.69E+08
Benzo(b)fluoranthene 5.60E+06 5.65E+06 7.33E+06 * 1.14E+07 * 1.74E+07 3.49E+07 5.95E+07 * 9.11E+07
Benzo(K)fluoranthene 6.86E+08 6.92E+08 8.98E+08  |* 139409 |*|  2.13E+09 4276409 7.296109 __|* L12E+10
Chrysene 1.946+07 1.956+07 2536107 |* | 3.936+07 ||  6.01E+07 1.216+08 2.056408_|* 3.15E+08
Dibenzol(a,h)anthracene 2.23E409 2.25E409 2926409 |* | 4536409 || 6.92E+09 1.39E+10 2.37640 |* 3.63E+10
Fluoranthene 9.07E+08 9.156+08 1196709 |* 1846409 |* | 2.82E+09 S 65E+09 9636409 |* 1.48E+10
Fluorene 2.48E+07 2.50E+07 3246507 |* | 5.036+07 || 7.69E+07 1.54E+08 2.63108|* 2.03E+08
Napthalene 2.69E+03 2.71E+03 3516¢03  |* | 5466403 ||  8.356+03 1.676+04 2.856404 |* 4.37E+04
Pyrene 1.08E+09 1.09E+09 141609 |* | 220409 |*|  3.36E%09 6.73E+00 L15E¢0  |* 1.76E+10
TPH-GRO NA NA NA NA NA NA NA NA
TPH-DRO NA NA NA NA NA NA NA NA
TPH-ORO NA NA NA NA NA NA NA NA
>C6-C8_(Aliphatics) NA NA NA NA NA NA NA NA
>C8 - C10 (Aliphatics) NA NA NA NA NA NA NA NA
>C10 - C12 (Aliphatics) NA NA NA NA NA NA NA NA
>C12 - C16 (Aliphatics) NA NA NA NA NA NA NA NA
>C16 - C35 (Aliphatics) NA NA NA NA NA NA NA NA
>C8 - C10 (Aromatics) NA NA NA NA NA NA NA NA
>C10 - C12 (Aromatics) NA NA NA NA NA NA NA NA
>C12 - C16 (Aromatics) NA NA NA NA NA NA NA NA
>C16 - C21 (Aromatics) NA NA NA NA NA NA NA NA
>C21 - C35 (Aromatics) NA NA NA NA NA NA NA NA
:}::fﬁ:&"g'memw' 6.73E+02 6.79E+02 8.81E+02 1.37E+03 2.09E+03 4.19E+03 7.15E403 * 1.10E+04
(Tféz)ary’b“w" alcohel 1.03E+05 1.04E+05 13se+05 | *|  210ev0s  |*| 3216405 6.44E+05 1.10E+06 «|  168E+06
g’é}te"'b”tyl'ethe’ 2.91E+03 2.94E+03 3816403 |*| so1ev03  |*|  9.04Ev03 1.81E+04 3.00E+04 «|  a73E+04
Diisopropyl ether (DIPE) 3.85E+03 3.88E+03 5036403 |*|  7.82ev03  |*|  1.208+04 2.40E+04 4.09E+04 *|  626E+04
Ethanol 7.22E+05 7.29E+05 944605 |*|  La7e+06  |*|  2.24E+06 4.50E+06 7.676+06 | 1a7E+07
Methanol 2.95E+06 2.98E+06 3866406 | *]  6.00E+06  |*]  9.18E+06 1.84E+07 3.14E+07 | as1E+07
Arsenic NA NA NA NA NA NA NA NA
Barium NA NA NA NA NA NA NA NA
Cadmium NA NA NA NA NA NA NA NA
Chromium Il NA NA NA NA NA NA NA NA
Chromium VI NA NA NA NA NA NA NA NA
Selenium NA NA NA NA NA NA NA NA
Notes:

NA : Not Available

Target levels are based on distance to groundwater >50 ft for which default vadose zone DAF is 4.
All concentrations in mg/kg.

* Value exceeds effective/saturated soil concentration
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Table 7-6(a):

Soil Concentration Protective of Indoor Inhalation for Groundwater for Different Distances to On/Off-Site Building for Non-Resident

Depth to Groundwater <20’ (DAF=1)

Chemicals of Concern

Distance to POE (ft)

0.00 25.00 50.00 75.00 100.00 150.00 200.00 250.00
Benzene 589E+01 | "] 5956:01 | *|  771ev01 | *|  L20Ev02  |*|  Ls3er02 3.676+02 6.26+02 9.506+02
Toluene 122+05 | *|  123ev0s  [*|  1seeros  [*|  247es0s  [*|  377e40s 7.57€+05 1.29E+06 1.98E+06
Ethylbenzene 4726404 |*|  azseroa  [*|  e20e+0a  |*]|  os2ev0a || vra7Ev0s 2.95E+05 5.03E+05 7.71E+05
Xylenes (mixed) 6.02E+03 * 6.07E+03 * 7.87E+03 * 1.22E+04 * 1.87E+04 3.75E+04 6.39E+04 9.79E+04
Ethylene Dibromide (EDB) 1.14E+01 1.15E+01 1.50E+01 2.326401 3.556401 7.126401 1.21E+02 1.86E+02
Ethylene Dichloride (EDC) 1.936+01 1.94E+01 2.52E+01 3.926+01 5.99E+01 1.20+02 2.05E+02 3.14E+02
&eTtgél)*e"'b“tyl'ether 2.95E403 2.97E403 3.85E403 5.99E+03 9.15E+03 1.84E+04 3136404 4.79E+04
[Acenaphthene 136E¢07 || L38ex07  |*|  L78ex07 | *|  277e+07  |*|  4.2aE+07 8.49E+07 1.456+08 2.226+08
[Anthracene 8.086+07 | *|  8.15e+07 | *|  Loeer08 | *]|  Lear08 | *]  2.51e+08 5.03E+08 8.57E+08 1.316+09
Benzo(a)anthracene 3436107 |*| 3466107 |*|  449e+07 | *|  697ev07  |*|  Lo7er0s 2.14E+08 3.64E+08 5.58E+08
[Benzota)pyrene 2.976¢07 | "] 3.00e:07 | *|  3886+07 | *|  6.03ev07  |*|  9.22£407 1.856+08 3.156+08 4.836+08
[Benzo(b)fiuoranthene 7306106 | *| 7416406 |*|  9.60e+06 | *|  La9Ev07  |*|  2.28£+07 4.57E+07 7.79E+07 1.196+08
Benzo(k)fluoranthene 800E+08 | *|  9.07e+08  |*|  Liser09 | *]  L183e+09 || 2.79e+09 5.60E+09 9.556+09 1.46E+10
Chrysene 2.506107 | "] 256107 |*|  3.326¢07 | *|  5.a56v07  |*|  7.88£+07 1.58E+08 2.69E+08 4.136+08
Dibenzola,h)anthracene 2.906¢09 | "] 2956+09 | *|  3826¢09 | *|  5.93ev09  |*|  9.07£+09 1.82E+10 3.10E+10 4.75E+10
Fluoranthene T82E109 | "] 184E+09 | *|  2.396+09 | *|  3.70£¢09  |*| _ 5.66E+09 1146410 1.94E+10 2.97E+10
Fluorene 4.986+07 | *|  s.026¢07  |*|  6.516+07 | *]  Loiex08 | *]  Lsseros 3.10E+08 5.20E+08 8.10E+08
Napthalene 3506103 | "] 3.556/03 | *|  460E+03 | *|  7.456¢03  |*|  L09E+04 2.19E+04 3.746+04 5736404
Pyrene 2076409 | "] 2.496/09 | *| 2846109 | *|  441£v09  |*|  6.75£¢09 1.356+10 2.316+10 3.53E+10
TPH-GRO NA NA NA NA NA NA NA NA
TPH-DRO NA NA NA NA NA NA NA NA
TPH-ORO NA NA NA NA NA NA NA NA
>C6-C8_(Aliphatics) NA NA NA NA NA NA NA NA
>C8-C10 (Aliphatics) NA NA NA NA NA NA NA NA
>C10 - C12 (Aliphatics) NA NA NA NA NA NA NA NA
>C12 - C16 (Aliphatics) NA NA NA NA NA NA NA NA
>C16 - C35 (Aliphatics) NA NA NA NA NA NA NA NA
>C8-C10 (Aromatics) NA NA NA NA NA NA NA NA
>C10 - C12 (Aromatics) NA NA NA NA NA NA NA NA
>C12 - C16 (Aromatics) NA NA NA NA NA NA NA NA
>C16 - 21 (Aromatics) NA NA NA NA NA NA NA NA
>C21 - C35 (Aromatics) NA NA NA NA NA NA NA NA
:}:‘e'raxﬁ'\jg)"methv" 1.35E403 1.37E+03 1776503 |*|  27se+03  |*| 4206403 8.43E+03 1.44E+04 2.20E+04
[T:;z?rv'buwl' alcohol 2086405 |*|  210ev05  |*| 2726405 * 4.22E405 «|  6a46Er0s 1.30E+06 2.21E+06 3.38E+06
.EE[tLTE';ert'buM'emer sese+03 | *|  sooeros  |*|  7esevo3  |¢|  110er0s  |*| 1826404 3.64E+04 6.21E+04 9.52E+04
Diisopropyl ether (DIPE) 7720003 |*|  7eiev03 |¥|  roweros  |¢|  1s7esos |¢|  2.40e404 4826404 8.21E+04 1.26E+05
Ethanol 1456406 | *| 1466406 |*|  190E+06 | *|  2.95ev06  |*|  451E+06 9.04E+06 1.54E+07 2.36E+07
Methanol 5946106 | *| 5996406 |*| 7776406 |*|  121ev07  |*|  184E+07 3.70E+07 6.316+07 9.66E+07
Arsenic NA NA NA NA NA NA NA NA
Barium NA NA NA NA NA NA NA NA
Cadmium NA NA NA NA NA NA NA NA
Chromium Il NA NA NA NA NA NA NA NA
Chromium VI NA NA NA NA NA NA NA NA
Selenium NA NA NA NA NA NA NA NA
Notes:

NA : Not Available

Target levels are based on distance to groundwater <20 ft for which default vadose zone DAF is 1.
All concentrations in mg/kg.
*Value exceeds effective/saturated soil concentration




Table 7-6(b): Soil Concentration Protective of Indoor Inhalation for Groundwater for Different Distances to On/Off-Site Building for Non-Resident

Depth to Groundwater 20-50’ (DAF=2)

Distance to POE (ft)

Chemicals of Concern

0.00 25.00 50.00 75.00 100.00 150.00 200.00 250.00
Benzene 1.186+02 1.19E+02 1.54E+02 2.39E+02 3.66E+02 7.34E402 1.256+03 - 1.926+03
Toluene 2.43E+05 2.45E+05 3.18E+05 4.94E+05 7.55E405 1.51E+06 2.58E+06 - 3.95E406
Ethylbenzene 9.48E+04 9.56E+04 1.24E+05 1.926+05 2.94E+05 5.90E+05 1.01E+06 - 1.54E+06
Xylenes (mixed) 1.20E+04 1.21E+04 1.576+04 2.44E+04 3.74E+04 7.49E+04 1.28E+05 - 1.96E+05
Ethylene Dibromide (EDB) 2.29E+01 2.31E+01 2.99E+01 4.64E401 7.10E+01 1426402 2.43E+02 3.72E402
Ethylene Dichloride (EDC) 3.86E+01 3.89E+01 5.04E+01 7.83E+01 1.20E+02 2.40E+02 4.09E+02 6.27E+02
('\A'\/IeTtg‘él)'te"'b”tyl'ether 5.89E+03 5.95E+03 7.71€+03 1.20E+04 1.83E+04 3.67E+04 6.26E+04 * 9.59E+04
Acenaphthene 2.73£407 2.75E407 3.57E+07 5 54E+07 8.47E+07 1.70E+08 2.90E+08 - 4.44E+08
Anthracene 1.626+08 1.63E+08 2.11E+08 3.28E408 5.026+08 T.01E+09 1.71£+09 - 2.63E+09
Benzo(a)anthracene 6.86E+07 6.92E+07 8.97E+07 1.39E+08 2.13E+08 4.27E+08 7.29E+08 - 1126409
Benzo(a)pyrene 5.94E+07 5.99E+07 7.77E407 1.21£+08 1.84E+08 3.70E408 6.31£+08 - 9.66E408
Benzo(b)fluoranthene 1476407 1.48E+07 1.926+07 2.98E+07 4.56E+07 9.14E+07 1.56E+08 - 2.39E+08
Benzo(K)fluoranthene 1.80E+09 1.81£+09 2.35E409 3.65E400 5.59E+09 1126410 1.91£+10 - 2.936+10
Chrysene 5.07E+07 5.12E+07 6.63E+07 T.03E+08 1.58E+08 3.16E+08 5.39E+08 - 8.25E+08
Dibenzo(a,h)anthracene 5 84E+09 5.89E+09 7.64E+09 T.19E+10 1.81E+10 3.64E410 6.20E+10 - 9.50E+10
Fluoranthene 3.65E400 3.68E+09 4.77E+09 7.41E+09 LI3E+10 2.27E+10 3.876+10 - 5.936+10
Fluorene 9.96E+07 1.00E+08 1.30E+08 2.02E408 3.09E+08 6.20E+08 1.06E+09 - 1.626+09
Napthalene 7.04E+03 7.10E+03 9.21E+03 1436404 2.19E+04 4.39E+04 7.48E+04 - 1156405
Pyrene 4.35E400 4.38E+09 5 68E+09 8.83E409 1.356+10 2.71E410 4.61E+10 - 7.076+10
TPH-GRO NA NA NA NA NA NA NA NA
TPH-DRO NA NA NA NA NA NA NA NA
TPH-ORO NA NA NA NA NA NA NA NA
>C6-C8_(Aliphatics) NA NA NA NA NA NA NA NA
>C8 - C10 (Aliphatics) NA NA NA NA NA NA NA NA
>C10 - C12 (Aliphatics) NA NA NA NA NA NA NA NA
>C12 - C16 (Aliphatics) NA NA NA NA NA NA NA NA
>C16 - C35 (Aliphatics) NA NA NA NA NA NA NA NA
>C8 - C10 (Aromatics) NA NA NA NA NA NA NA NA
>C10 - C12 (Aromatics) NA NA NA NA NA NA NA NA
>C12 - C16 (Aromatics) NA NA NA NA NA NA NA NA
>C16 - C21 (Aromatics) NA NA NA NA NA NA NA NA
>C21 - C35 (Aromatics) NA NA NA NA NA NA NA NA
‘E’;"amyl'memyl'ether 2.71E+03 2.73E+03 3.54£+03 5.50E+03 8.41E+03 1.69E+04 2.87E+04 * 4.40E+04
Tertiary-butyl- alcohol
o 4.16E405 420405 5.44E405 8.45E405 1.29E+06 2.59E406 4.42E406 * 6.77E406
(E;:gge"‘b”tyl'emer 1.17E+04 1.18E+04 1.53E+04 2.38E+04 3.63E+04 7.29E+04 1.24E405 * 1.90E+05
Diisopropyl ether (DIPE) 1.556+04 1.56E+04 2.02E+04 3.14E+04 4.81E+04 9.64E+04 1.64E+05 - 2.52E+05
Ethanol 2.90E+06 2.93E+06 3.80E406 5.90E+06 9.02E+06 1.81£+07 3.08E+07 - 4726407
Methanol 1.19E+07 1.20E+07 1.556+07 2.41E+07 3.69E+07 7.40E+07 1.26E+08 - 1.93E+08
Arsenic NA NA NA NA NA NA NA NA
Barium NA NA NA NA NA NA NA NA
Cadmium NA NA NA NA NA NA NA NA
Chromium il NA NA NA NA NA NA NA NA
Chromium Vi NA NA NA NA NA NA NA NA
Lead NA NA NA NA NA NA NA NA
Selenium NA NA NA NA NA NA NA NA
Notes:

NA : Not Available

Target levels are based on distance to groundwater 20-50 ft for which default vadose zone DAF is 2.

All concentrations in mg/kg.

* Value exceeds effective/saturated soil concentration
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Table 7-6(c): Soil Concentration Protective of Indoor Inhalation for Groundwater for Different Distances to On/Off-Site Building for Non-Resident

Depth to Groundwater >50’ (DAF=4)

Chemicals of Concern

Distance to POE (ft)

0 25 50 75 100 150 200 250
Benzene 2.36E+02 2.38E+02 3.08E+02 - 4.79E+02 * 7326402 1.476+03 2.50E+03 * 3.83£+03
Toluene 4.86E+05 4.90E+05 6.36E+05 * 9.87E+05 * 1.51E+06 3.03E406 5.16E406 * 7.91E406
Ethylbenzene 1.90E+05 1.91E+05 2.48E+05 * 3.85E405 * 5 89E+05 1.18E+06 2.01E+06 * 3.08E+06
Xylenes (mixed) 2.41E404 2.43E+04 3.156404 - 4.89E+04 * 7.47E+04 1.50E+05 2.55E405 * 3.91E+05
Ethylene Dibromide (EDB) 4.57E+01 4.61E+01 5 98E+0L 9.29E+01 1426402 2.85E+02 4.85E+02 7.44E402
Ethylene Dichloride (EDC) 7.71E401 7.78E+01 1.01E+02 1.57E402 2.40E+02 4.80E+02 8.19E+02 1.25E403
Methyl-tert-butyl-ether

(rBE) 1.18E+04 1.19E+04 1.54E404 * 2.39E+04 * 3.66E+04 7.34E404 1.256405 * 1.926405
Acenaphthene 5.46E+07 5.50E+07 7.13E+07 * 1.11E+08 * 1.69E+08 3.40E+08 5.79E+08 * 8.87E+08
[Anthracene 3.23E+08 3.26E+08 4.22E+08 - 6.56E+08 * 1.00E+09 2.01E+09 3.43E+09 * 5.25E409
Benzo(a)anthracene 1.37E+08 1.38E+08 1.79E+08 * 2.79E+08 * 4.26E+08 8.55E+08 1.46E+09 * 2.23E+09
Benzo(a)pyrene 1.19E+08 1.20E+08 1.55E+08 - 2.41E+08 * 3.69E08 7.40E+08 1.26E+09 * 1.93E+09
Benzo(b)fluoranthene 2.94E+07 2.96E+07 3.84E+07 * 5.96E+07 * 9.12E+07 1.83E+08 3.12E+08 * 4.78E+08
Benzo(K)fluoranthene 3.60E+09 3.63E+09 4.70E+09 * 7.31E409 * 1126410 2.24E+10 3.82E+10 * 5.85E+10
Chrysene L.O1E+08 1.026+08 1.33£+08 - 2.06E+08 * 3156408 6.32E408 1.08E+09 * 1.656+09
Dibenzo(ah)anthracene L17E+10 1.18E+10 1.53£+10 * 2.37E+10 * 3.63E+10 7.28E+10 1.24E+11 * 1.90E+11
Fluoranthene 7.30E+09 7.36E+09 9.54E+09 * 1.48E+10 * 2.27E+10 4.54E+10 7.75E+10 * 1.19E+11
Fluorene 1.99E+08 2.01E+08 2.60E+08 * 4.05E+08 * 6.19E08 1.24E+09 2.11E+09 * 3.24E409
Napthalene 1.416+04 1426404 1.84E+04 * 2.86E+04 * 4.376+04 8.77E+04 1.50E+05 * 2.29E+05
Pyrene 8.69E+09 8.77E+09 1.14E+10 * 1.776+10 * 2.70E+10 5.41E+10 9.23E+10 * LALE+11
TPH-GRO NA NA NA NA NA NA NA NA
TPH-DRO NA NA NA NA NA NA NA NA
TPH-ORO NA NA NA NA NA NA NA NA
>C6-C8_(Aliphatics) NA NA NA NA NA NA NA NA
>C8- C10 (Aliphatics) NA NA NA NA NA NA NA NA
>C10 - C12 (Aliphatics) NA NA NA NA NA NA NA NA
>C12 - C16 (Aliphatics) NA NA NA NA NA NA NA NA
>C16 - 35 (Aliphatics) NA NA NA NA NA NA NA NA
>C8 - C10 (Aromatics) NA NA NA NA NA NA NA NA
>C10 - C12 (Aromatics) NA NA NA NA NA NA NA NA
>C12 - C16 (Aromatics) NA NA NA NA NA NA NA NA
>C16 - C21 (Aromatics) NA NA NA NA NA NA NA NA
>C21 - C35 (Aromatics) NA NA NA NA NA NA NA NA
ﬁg’amyl’memyl'ether 5.42E403 5.46E+03 7.08E+03 * 1.10E+04 * 1.68E+04 3.37E+04 5.75E404 * 8.81E+04
EZ?W"’”WL alcohol 8.32E+05 8.39E+05 1.09E406 * 1.69E+06 * 2.58E+06 5.18E+06 8.83E+06 * 1.35E407
Ethyl-tert-butyl-ether 2.34E404 2.36E+04 3.06E+04 * 4.75E+04 * 7.27E+04 1.46E+05 2.48E405 * 3.81E405
(£78E)

Diisopropyl ether (DIPE) 3.00E+04 3.126404 4.05E+04 * 6.29E+04 * 9.61E+04 1.93E+05 3.29E+05 * 5.03E+05
Ethanol 5.81E+06 S 86E+06 7.59E+06 * 1.18E+07 * 1.80E+07 3.62E407 6.16E+07 * 9.44E+07
Methanol 2.38E+07 2.40E+07 3.11E407 * 4.83E+07 * 7.38E+07 1.48E+08 2.52E+08 * 3.86E+08
Arsenic NA NA NA NA NA NA NA NA
Barium NA NA NA NA NA NA NA NA
Cadmium NA NA NA NA NA NA NA NA
Chromium Il NA NA NA NA NA NA NA NA
Chromium VI NA NA NA NA NA NA NA NA
Lead NA NA NA NA NA NA NA NA
Selenium NA NA NA NA NA NA NA NA
Notes:

NA : Not Available

Target levels are based on distance to groundwater >50 ft for which default vadose zone DAF is 4.
All concentrationsin mg/kg.
* Value exceeds effective/saturated soil concentration
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8.0
TIER 2 RISK ASSESSMENT

When conducted, a Tier 2 risk assessment folloWigrll risk assessment and includes:

Step 1: Compilation of site-specific fate and tpgors parameters,

Step 2: Development of Tier 2 site-specific tar¢mtels (SSTLs); this step will
typically be done with the computational softwavaikable through MDNR,

Step 3: Comparison of the Tier 2 SSTLs with expesyvathway-specific
representative concentrations,

Step 4: Recommend a course of action, and

Step 5: Documentation of the Tier 2 risk assessment

When doing a Tier 2 risk assessment, SSTLs mushloelated for all of the complete
and potentially complete routes of exposure idettiin the exposure model (EM) and
all applicable chemicals of concern (COCs). Asidatkd in section 2.3, any Tier 2
SSTLs which are lower than the Tier 1 RBTLs fort thite must be used as the applicable
corrective action standards.

Details of each of these steps are presented below.

81 STEP1. COMPILATION OF SITE-SPECIFIC FATE AND TRANSPORT
PARAMETERS

The objective of this step is to select fate armhdport parameters to be used for the
development of Tier 2 SSTLs. Values will be coestdl site-specific if (i) correctly
measured on site, (ii) literature values are regnedive of site conditions, or (iii) use of
default values can be justified or shown to be eoraive based on site conditions.
Note that a work plan for the collection of siteesjfic fate and transport data need not be
submitted to MDNR for approval.

The fate and transport parameters that may be raddibr a Tier 2 risk assessment are
presented below. The evaluator shall review the isformation and select values for
each of these parameters, providing justificatimnthe selection of each specific value.
For a few of the fate and transport parameters, (g thickness of the capillary fringe),

literature values consistent with the site strajppy may be used in lieu of field

measurements. Note that the use of any defawdhpeters will also require justification.

8.1.1 Soil Parameters

L ength of Area of Release Parallel to Wind (W) (Tier 1 default value = 1500 cm)

Since the wind direction is variable, and the exfistensions of the area of release are
generally not known, Wshould represent the longest dimension of the afgalease
(e.g. diagonal if the soil source is roughly regtalar, diameter if the area of release is
roughly circular.)
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Depth to Subsurface Soil Sources (dis) (Tier 1 default value = 91.44 cm)

Tier 2 allows for the actual measured depth of @ombated soils to be used in
developing Tier 2 SSTLs. Conservatively, the meaddepth to subsurface soil may be
the shallowest detected contamination or an avedageh of the shallowest detected
contamination from several borings. Either way theasurements should reflect the
distance from the surface to the top of the fistezof contaminated soil.

Thickness of Capillary Fringe (h.) (Tier 1 default value = 5 cm)

The value used at Tier 2 to represent the capiftamge thickness must be representative
of the site soils/sediments and is dependent drgsain size. Typically, the thickness of

the capillary fringe should be based on literattakies since direct measurement will be
generally impractical. Note that the sum of thiekhess of the capillary fringe and the

thickness of the vadose zone should equal the demhoundwater (i.e.,ch+ h, = Lgw).

A site-specific capillary fringe thickness value ynhe used only if the evaluator

adequately demonstrates that the capillary frirggaincontaminated. Otherwise, the
default value of 5 cm must be used.

Thickness of Vadose Zone (h,) (Tier 1 default value = 295 cm)

At Tier 2, the thickness of the vadose zone isutated by subtracting the capillary
fringe thickness from the depth to groundwater,(Lgy— hc = h)).

Vadose Zone Dry Soil Bulk Density (pg) (Tier 1 default value = 1.5 g/cin

See Section 5.6.2 for a discussion related to #terchination of soil bulk density. If
multiple measurements from the vadose zone ardaél@ior when multiple values are
necessary to represent different soil types, usaverage value.

Fractional Organic Carbon Content in Vadose Zone (fo) (Tier 1 default value =
0.006)

See Section 5.6.5 for a discussion of sample dalecand laboratory methods. If
measurements of fractional organic matter (notsdree as fractional organic carbon) are
available, the value must be corrected as discuss&ection 5.6.5. If multiple values
are available (as is recommended), the averagee vsthould be used. Where soil
lithology is significantly heterogeneous, sampleswdd be collected at each change in
lithology and composited into one sample for fraicéll organic carbon content analysis.

Porosity in the Vadose Zone (8r) (Tier 1 default value = 0.434 éfam?)

In both Tier 1 and Tier 2, the assumption is mdu the porosity of vadose zone,
capillary fringe, and soil that fills the foundaticor wall cracks is identical. This
assumption is necessary, as, generally, measudrasipy in the capillary fringe and in
foundation and wall cracks is not practical. Sesti®n 5.6.3 for a discussion of
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laboratory methods. If multiple porosity values awailable, an average value should be
used. Where total and effective porosity differane expected to differ, the effective
porosity value must be used.

Volumetric Water Content in Vadose Zone (8, (Tier 1 default value = 0.15 éfon?)

The Tier 2 value is typically measured as discussefection 5.6.4. When using a site-
specific value, the value is measured on a weighsisb (gravimetric: grams of
water/grams of dry soil) and must be converted tolametric value (cthof water/cri

of soil) as discussed in Section 5.6.4. An averadee based on multiple samples shall
be used. Note that moisture content values maghbained from soil samples to be
analyzed for COCs (COCs must be reported by laboest on a dry weight basis;
therefore, the moisture content of each sample brigietermined).

Volumetric Air Content in Vadose Zone (6,9 (Tier 1 default value = 0.284 éfam?)

This parameter is the difference between the sa#lporosity in the vadose zone and the
volumetric water content in the vadose zone (@:e= 6ws = 0a9.

Volumetric Water Content in_Capillary Fringe (B.cap) (Tier 1 default value = 0.39
cm/cn’)

This value is typically estimated as 90% of thealtotadose zone soil porosity (i.e.,
0.99y). Total soil porosity in the capillary fringe tgpically assumed to be equal to the
total vadose zone porosity.

Volumetric Air Content in Capillary Fringe (Bacap) (Tier 1 default value = 0.0434
cm/cn’)

Tier 2 assumes that the volumetric air contentan d¢apillary fringe is 10% of the total
porosity in the vadose zone (i.e., @)1

Volumetric Water Content in_Foundation or Wall Cracks (Qwcack) (Tier 1 default
value = 0.15 criicn?)

Tier 2 assumes that the volumetric water contensdih that fills foundation or wall
cracks is the same as the volumetric water cotfethie soil in the vadose zone.

Volumetric Air_ Content in Foundation or Wall Cracks (B.xac) (Tier 1 default value =
0.284 cnilcm’)

The volumetric air content in foundation wall/cracls assumed to be the same as the
volumetric air content of the soil in the vadoseneo The latter is determined as
mentioned above.
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8.1.2 Groundwater Parameters

Depth to Groundwater (L 4) (Tier 1 default value = 300 cm)

Since the depth to groundwater fluctuates, an geed@pth to groundwater using data no
more than 2 years old should be used. Howeveculeding an average depth to
groundwater using data collected from several nooinigj events over an extended period
of time (such as one year of quarterly measurementsix months of monthly
measurements) is preferable. If such data ardaégj the average should be calculated
using the average depth to groundwater for eachtejug@he average for all wells for
each event should be used to calculate an ovarathge depth to groundwater for the
entire site).

For consistency, static water levels should be wsdgks justification can be provided for
the use of the depth to the “first water encourteviile drilling.” If data collected over
an extended period of time is not available, the-specific average depth to groundwater
should be calculated by determining the depth tmumgdwater in each well and then
averaging the single well water depths. Howevérene significant differences in static
water levels occur across the site, the shalloaestage depth to groundwater should be
used (i.e., a single well average using data fioenvtell showing the shallowest depth to
groundwater).

Width of Groundwater Source Area Perpendicular to Groundwater Flow Direction
(Y) (Tier 1 default value = 1500 cm)

Figure 8-1 shows a schematic of the groundwatemcsouhat is considered by

Domenico’s groundwater model. The model assumas @OCs migrate vertically

downward from the area of release to groundwaBar.projecting the area of release to
the water table, Y can be estimated. Domenico’dehis used to simulate migration in
the saturated zone and will be necessary only sesavhere the groundwater use
pathway is complete.

L ength of Groundwater Source Area Parallel to Groundwater Flow Direction (W)
(Tier 1 default value = 1500 cm)

Figure 8-1 shows a schematic of the groundwatercsouhat is considered by
Domenico’s groundwater model. The model assumas @OCs migrate vertically

downward from the area of release to groundwaByr.projecting the area of release to
the water table, \){ can be estimated.

Porosity in Saturated Zone (Brs) (Tier 1 default value = 0.434n%/cm’)

An accurate estimate of the total soil porositythe saturated zone is essential when
biodecay is considered. If the unsaturated anarai®id zone stratigraphies are similar,
the saturated zone porosity may be set equal tovddese zone porosity. If multiple

values are available, an average should be uskethe adose and saturated zone soil
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stratigraphies are significantly dissimilar, thergmity of the saturated zone must be
measured in the field or an appropriate literattakie used. Where total and effective
porosity differ or are expected to differ, the effee porosity value must be used.

Saturated Zone Dry Soil Bulk Density (ps) (Tier 1 default value = 1.5 g/cin

An accurate estimate of the total soil bulk densityhe saturated zone is essential when
biodecay is considered. If the unsaturated anarai®id zone stratigraphies are similar,
the saturated zone dry soil bulk density may besgatl to the vadose zone dry soil bulk
density. If multiple values are available, an ager should be used. If the vadose and
saturated zone stratigraphies are significantlgiahgar, the dry soil bulk density of the
saturated zone must be measured in the field appropriate literature value used.

Fractional Organic Carbon Content in Saturated Zone (fo) (Tier 1 default value =
0.006)

An accurate estimate of the fractional organic earbontent in the saturated zone is
essential when biodecay is considered. Refer tid®e5.6.5 for discussion of this
parameter. If a site-specific value for saturatedezfractional organic carbon content is
to be used at Tier 2, the value must be determasédd on field samples collected below
the water table or by choosing an appropriateifjaiste literature value.

Groundwater Mixing Zone Thickness (&) (Tier 1 default value = 200 cm)

The groundwater mixing zone thickness is a measutkee thickness over which COCs
mix within the saturated zone, primarily due to evaible fluctuations. While difficult
to estimate accurately, the mixing zone thicknessy rhe approximated based on
photoionization detector (PID) readings or soil @amtrations measured in borings. The
200 cm Tier 1 default value should be consideredidmum. EPA’s Soil Screening
Guidance (1996, page 45, equation 45) containgjaat®n to calculate the groundwater
mixing zone thickness that may be used at TieD#her procedures for determining the
mixing zone thickness may be utilized with the papproval of MDNR.

Groundwater Darcy Velocity (Ugy) (Tier 1 default value = 2500 cm/yr)

At Tier 2, the groundwater Darcy velocity must bsite-specific value. The value is the
product of the saturated zone hydraulic condugtiartd the hydraulic gradient.

Site-specific hydraulic conductivity can be estiethbased on the results of site-specific
pump tests, if available, or using literature vallased on site-specific lithology. The
hydraulic gradient should be estimated (as the ameergradient) using groundwater

elevation data not more than two years old. Aessitvhere the groundwater flow

direction shows marked variations, the hydrauladggnt and, hence, the Darcy velocity
might have to be estimated for more than one doect
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Infiltration Rate (1) (Tier 1 default value = 14 cm/yr)

The infiltration rate may be estimated as 10% &f dverage annual rainfall at the site.
Annual rainfall values are based on a 30-year gecrand may be obtained from
literature.

82 STEP2. DEVELOPMENT OF TIER 2SSTLs

The evaluator shall use the parameter values cethpil Step 1 of Section 8.1 to develop
Tier 2 SSTLs. These levels can be developed byiseeof the MRBCA software or by
equivalent methods. The values compiled in Stepeleatered on the Fate and Transport
Parameters page of the software.

83 STEP3: COMPARISON OF TIER 2 SSTLs WITH SITE-SPECIFIC
REPRESENTATIVE CONCENTRATIONS

In this step, the Tier 2 SSTLs calculated in Steggr compared with the representative
concentrations (or, for surficial soil in a resitdah setting, maximum COC
concentrations) previously calculated for theer 1 risk assessment (unless there is
reason to modify the calculation). Based on thsulte of this comparison, the entity
doing the cleanup shall recommend the path fonaardiscussed in Step 4 below.

84 STEP4 RECOMMENDATIONS FOR THE NEXT COURSE OF
ACTION

Depending on the results of the comparison, orteefollowing alternatives is available:

Alternative 1: If the representative concentrations (or maximd@C concentrations
for surficial soil in a residential setting) of t¥OCs do not exceed the Tier 2 SSTLs for
any of the complete pathways and all the followsogditions are met, the tank owner or
operator may request that MDNR issue a no furtbgom (NFA) letter for the release.

Condition 1: Confirmation that the plume is stable or decreggisee Section
5.9.3 for definition). If this condition is not methe evaluator
shall recommend continued groundwater monitoringil uie
plume stabilizes and/or take actions to hasterilizizion.

Condition 2:  The maximum concentration of any COC does noeed 10 times
the representative concentration of that COC, farhecomplete
route of exposure. This condition should be docuew: and
MDNR will stipulate what actions, if any, must kakén.

Condition 3: If current site use is non-residential and expoquathways are
incomplete because of non-residential use (i.esideatial use
would result in a complete pathway), or non-residénTier 2
SSTLs are met but residential risk-based targedl$e{RBTLS) or
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Condition 4:

SSTLs are not, future non-residential use of the siust be
assured through an AUL (see Section 11) or othexqaate
documentation. If this condition is not met, thealeator must
report this to MDNR, and MDNR will specify what amts, if any,
must be taken.

Absence of ecological concerns at the site. i tondition is not
met, the entity conducting the cleanughall provide
recommendations to MDNR to address the condition.

Alternative 2. If one or more representative concentrations exdbe Tier 2 SSTLs,
the tank owner or operat@hall determine whether to perform corrective actto

achieve Tier 2 SSTLs or perform a Tier 3 risk assent. MDNR will review the Tier 2
Risk Assessment Report and the recommendationgpande comments to the tank

owner or operator.

85 STEP 5. DOCUMENTATION OF TIER 2 RISK ASSESSMENT

The Tier 2 risk assessment shall be documentedsxsided in Section 12, and submitted

to MDNR.
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9.0
TIER 3RISK ASSESSMENT

A Tier 3 risk assessment is a detailed, site-speeMaluation that may be conducted
when Tier 2 site-specific target levels (SSTLs) exeeeded and it is not cost-effective to
remediate the site to Tier 2 SSTLs. A Tier 3 askessment may be performed only after
receiving approval of a Tier 3 work plan from MDNRThe Tier 3 risk assessment
provides the most flexibility in developing SSTLsdarequires the following steps:

Step 1: Development of a Tier 3 work plan,

Step 2:  Collection of additional data, if necessary

Step 3: Development of Tier 3 SSTLs,

Step 4:  Comparison of Tier 3 SSTLs with represargatoncentrations,
Step 5: Recommendations tbee next course of action, and

Step 6: Documentation of the Tier 3 risk assessment

A Tier 3 risk assessment should focus only on thplete and potentially complete
routes of exposure for which COCs exceed the Ti8&SZLs. However, if the models
used at Tier 3 result in Tier 3 SSTLs that are lothian the Tier 2 SSTLs, the Tier 2 risk
assessment findings must be re-evaluated; any usionk based on the higher Tier 2
standard must be included in the Tier 3 assessamehapplicable Tier 3 SSTLs must be
calculated and compared to representative condemisaand the Tier 3 SSTLs will be
the applicable corrective action standards forsite

If light non-aqueous phase liquid (LNAPL) is pretsaha site evaluated under Tier 3, the
evaluator shall determine concentrations of COCG®a@aated with the LNAPL using
values for the effective solubility and vapor pressin Tables B-5 and B-2, respectively,
or by another method or using other values apprdwedDNR. The equilibrium
dissolved and vapor phase concentrations of chésnafaconcern in LNAPL shall be
used to evaluate the risks posed by the LNAPL amddévelop representative
concentrations for use in the risk assessment.

91 STEP1. DEVELOPMENT OF A TIER 3WORK PLAN

Since a Tier 3 risk assessment provides considefétibility to the evaluator (i.e., it

allows the use of methods and models other thasetlpyesented in this guidance),
MDNR will require the development and submittal aofdetailed technical work plan.
The technical portion of the work plan shall, ah@imum, include the following:

. An explanation of the COCs and the complete andmiiatlly complete routes of
exposure to be evaluated at Tier 3. As mentiorex/e only those routes of
exposure where COCs exceeded the Tier 2 SSTLsthendpecific COCs that
exceeded the Tier 2 SSTLs, need to be consideredTirer 3 risk assessment.
Thus the Tier 3 investigation will generally focos a limited set of pathways,
receptors, and COCs.
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. An explanation of the fate and transport modelbeaused for the evaluation of
the complete and potentially complete routes ofosype. The entity performing
the work may propose use of a model(s) differeanttihat used to develop Tier 1
risk-based target levels (RBTLs) and Tier 2 SSTAs.a minimum, the proposed
model must be (i) peer reviewed, (ii) publicly dable, (iii) have a history of use
on similar projects, and (iWje technically defensible.

. An explanation of the input parameters required¢dmpute the Tier 3 SSTLs.
These would typically include (i) chemical-specifghysical properties, (ii)
chemical-specific toxicological properties, (iiijtesspecific or other alternate
exposure factors, and (iv) media and site-speg#fcameters required by the
selected fate and transport models. For eacheasetiparameters, the evaluator
must provide justification for using the selectede.

. An explanation of data gaps that require additidretlwork. At Tier 3, the
evaluator must provide a detailed scope of worktlfier collection of this data to
MDNR.

92 STEP2: COLLECTION OF ADDITIONAL DATA, IF NECESSARY

Upon approval of the work plan, the evaluator sirajflement the approved scope of
work. Any changes in the work plan made subseqteMIDNR’s approval shall be

brought to the attention of MDNR. Such changestrbaespre-approved by MDNR and
the changes documented.

93 STEP3: DEVELOPMENT OF TIER 3TARGET LEVELS

The Tier 3 risk assessment may be performed irfdiveard or the backward mode as
explained below.

9.3.1 Forward Mode

In the forward mode, the end result of the risleasment will be (i) the site-specific risk
values (individual excess lifetime cancer risk (BR:acuiateq fOr carcinogens and hazard
qguotient (HQaicuateg fOor non-carcinogens) and (ii) the estimated C@@Gcentrations at
the nearest current or reasonably anticipated duwoundwater receptor 6. In the
forward mode, risk is first estimated based onegg@ntative COC concentrations. The
estimated IELCR and HQ values are then comparel thé target IELCR (1xI%) and
HQ (1). In addition, the actual or projected coricaions in the nearest drinking water
well shall be compared with the maximum contaminemls (MCLS), health advisories,
or other applicable groundwater protection levdfghe calculated risk is acceptable, the
entity conducting the evaluation should request MBNR issue a no further action
(NFA) letter (assuming other conditions for NFAuaace have been met).

If the calculated risk exceeds the acceptable $eviger 3 SSTLs can be established by
using the following relationship for each COC aagdteroute of exposure:
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1x10°

C = Cealculated X ————————— 9-1
e e IELCRcalculated ( )
10
Ctarget = Ccalculated X HQca|cu|ated (9'2)
where,
Ctarget = Tier 3 SSTLs,
Cealculated = Representative COC concentration used to estirsiste
specific risk (obtained from sampling data),
IELCRcalculated = Site-specific calculated risk,
HQcalculated = Site-specific calculated hazard quotient.

9.3.2 Backward Mode

Alternatively, the evaluator may calculate Tier 3T&s directly using the backward
mode as explained in Appendix B.

94 STEP4. COMPARISON OF TIER 3 TARGET LEVELS WITH
REPRESENTATIVE CONCENTRATIONS

In this step the Tier 3 SSTLs are compared withrépeesentative concentrations (or, for
surficial soil at a residential setting, the maximuOC concentrations). Note that
representative concentrations used at Tier 2 maysbd at Tier 3 unless additional data
requires that these be modified (i.e., a new awemgepresentative concentration must
be calculated). Based on the comparison, the atalghall recommend the next course
of action.

95 STEPS5. RECOMMENDATIONS FOR THE NEXT COURSE OF
ACTION

Following the Tier 3 risk assessment, one offtllewing two alternatives is available:

Alternative 1: If the representative (or, for surficial soil inrasidential setting, the

maximum) concentrations for the complete exposatévpays do not exceed the Tier 3
SSTLs, or the calculated risks do not exceed ttgetaisk levels, and the following four

conditions are met, the tank owner or operator meampest that MDNR issue a NFA
letter for the release. These conditions include:

Condition 1: Confirmation that the plume is stable or decreggsee definition
at Section 5.9.3). If this condition is not sagsfj the evaluator
shall recommend additional monitoring and/or sousraoval, as
appropriate, to MDNR to achieve plume stability.

Condition 2: The maximum concentration of a COC does not ekdéetimes
the representative concentration of that COC. h# maximum
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concentration for any COC exceeds 10 times theesemtative
concentration, MDNR will stipulate what actions aiiy, must be
taken.

Condition 3: If current site use is non-residential and expespathways are
incomplete because of the non-residential use (esidential use
would result in additional complete pathways), on4residential
Tier 3 SSTLs are met but residential SSTLs are edeed, future
non-residential use of the site must be assuremligfwr adequate
documentation. If this condition is not met, MDNRay require
that an activity and use limitation (AUL) apply tiee site before a
NFA letter is issued.

Condition 4: Absence of ecological concerns at the site. i dondition is not
met, the evaluator shall provide recommendationM@NR to
address the condition.

Alternative 2: If one or more representative concentrations exteedier 3 SSTLs, or
the estimated risks exceed the target risk levbks,evaluator shall propose remedial
actions to MDNR in a Corrective Action Plan (CAP).

9.6 STEP6: DOCUMENTATION OF TIER 3RISK ASSESSMENT

A Tier 3 risk assessment is very site-specific.eréfore, the entity performing the work
shall submit a report clearly describing the dated, the methodology and key
assumptions, the results, and recommendations diegathe path forward. Any
deviation from the approved scope of work and #tenale for the deviation shabe
clearly documented in the report. Refer to Secti@nof this document for further
information regarding the expected content of thex 3 Risk Assessment Report.
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10.0
CORRECTIVE ACTION PLAN

A corrective action plan (CAP) encompasses allvdaes necessary to manage human
health and environmental risk so that they do noeed the acceptable risk levels under
either current or reasonably anticipated futuredlase conditions. CAP activities may
include, but are not limited to, (i) corrective iact plans, (i) activity use limitations
(AULSs), and (iii) monitoring to verify assumptiomsade in the risk assessment.

10.1 NEED FOR A CORRECTIVE ACTION PLAN
A site-specific CAP is required if either of thdlfoving two conditions is met:

. representative chemical of concern (COC) conceatrat for one or more
complete or potentially complete routes of exposxeeed the appropriate tier-
specific risk-based target levels, or

. representative COC concentrations for each competpotentially complete
route of exposure do not exceed the appropriatespiecific target levels, but the
tiered risk assessment was based on certain gtgfispassumptions that must be
preserved via a CAP.

The overall objective of a CAP is to ensure that:

. Site conditions are protective of human health #redenvironment under current
and reasonably anticipated future conditions,
. Assumptions made in the development of target seaeé not violated and/or

remain applicable in the future, and

. Mobile or immobile light non-aqueous phase liquidsIAPL; mobile LNAPL is
referred to as “free product”) are not presentmdoil or groundwater in volumes
that will result in any of the following condition§) an expanding free product
plume in soil or groundwater, (i) an expanding sdised plume, (iii)
unacceptable risk to human health or the environjaed (iv) explosive or fire
hazard.

Note that adequate protection of human health &edenvironment is afforded by
achieving any of the tiered target levels discussedSection 2.3. Successful
implementation of the CAP will result in the issaarof a no further action (NFA) letter
by MDNR.

The following sections provide general informatregarding the preparation of a CAP.
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10.2 CONTENTSOF CORRECTIVE ACTION PLAN

Once it is determined that a CAP is necessary fiteathe evaluator should prepare and
submit a CAP to MDNR. A CAP may include one ooanbination of:

. Active remedial actions to reduce COC concentratimmmeet applicable target
levels. Examples include, but are not limited $ojl excavation and off-site
treatment or disposal, groundwater pump and ti&at, or groundwater vapor
extraction, and enhanced in-situ attenuation;

. Application of AULs to eliminate certain exposuratipvays. Examples include,
but are not limited to, conditions imposed on theperty that prevent the
installation of wells, thereby eliminating the gnolwater use pathway; conditions
imposed to prevent future residential land use, etc

. Use of monitored natural attenuation to reduce €@ entrations.

Prior to implementation of the CAP, the evaluatarsinsubmit the plan to MDNR for
approval. A CAP has to be tailored to meet sitec8 conditions. However, at a
minimum, it should include:

. The reasons why a CAP is being prepared and thafispabjectives of the plan.
As mentioned above, reasons for preparing theipiduade:

- Exceedance of target levels. The CAP should vésgrly indicate the
pathway, COC, and media that exceed the target leve

- Need for AULs. The CAP should very clearly identithe specific
reasons why AULs are necessary and the area tdilney apply.

- Presence of recoverable free product. The CAP Idhweery clearly
indicate the wells where this condition exists dhe extent of the free
product.

. A description of the specific activities that wié conducted as a part of the CAP.
Examples include soil vapor extraction until thpresentative soil concentrations
achieve a specified numerical value, or semi-anmgalitoring of specified wells
until concentrations show a clear decreasing trefol. the latter, the CAP shall
indicate the method used to confirm plume stabi(pjots, contour maps or
statistical evaluation of data). Note that, fotivaeremedial actions, a corrective
action plan must be prepared for submittal to, amgroval by, MDNR.

. The CAP shall include specific criteria that wik lnsed to demonstrate that the

CAP activities have been successfully completeche@aly, this demonstration
will require the collection of samples from the rwed or media of concern.
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Note that a CAP Performance Monitoring Plan must seémitted to, and
approved by, MDNR for such activities.

. An explanation of the data that will be collectewdhe manner in which it will
be analyzed during implementation of the CAP. Aareple of data that might
be collected would be confirmatory soil or grountevasampling data to
demonstrate the effectiveness of the remedial nmegsu

. Details of how and when the data will be evaluaaed presented to MDNR.
Examples include trend maps, concentration contaanscentration vs. distance
plots, calculations related to mass removal rates,

. If AULs are a part of the CAP, sufficient documeita must be provided to
MDNR demonstrating the existence, execution, amdy lterm viability of the
AULs. Note that an AUL Work Plan is required whablLs are proposed to
address a specific risk or risks.

. As appropriate, the CAP shall also include contiroye plans that will be
implemented should the selected remedy fail to rtreebverall objectives of the
CAP in a timely manner or the remedy is not ascéiffe as anticipated.

. A schedule for implementation of the plan. Whdre ¢uration of the proposed
activities is expected to exceed a few months,taildd project time line shall be
developed. This should include all major mileswas well all as deliverables to
MDNR.

MDNR will review the CAP and either approve therpks submitted, approve the plan
with comments, disapprove the plan, or disapprbeeplan with comments. The person
who prepared the plan shall then revise the CA¢tude MDNR’s comments and

resubmit the plan for approval. Upon receipt gbrapal, the entity performing the CAP

should begin implementing the plan as per the aygatrechedule.

Note that Section 12 of this document provideshierrtinformation regarding the content
of a CAP and related work plans. This section &edtion 12 should be carefully
reviewed prior to developing a CAP.

103 COMPLETION OF CORRECTIVE ACTION ACTIVITIES

Upon successful completion of the approved CAP,ethiity performing the work will
submit a CAP Completion and Performance MonitoriReport that will include (i)
confirmation of the successful completion of akkraknts of the CAP, (ii) a request for
site closure, and (iii) a request to plug and abanchonitoring wells related to the
environmental activities at the site. Refer tot®ec2.4 and Section 12 for further
information regarding final reporting.
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Upon review of the final report, MDNR will eithessue a NFA letter for the site or
provide comments to the tank owner/operator explginvhy a NFA letter cannot be
issued and what additional activities are necessaBAP activities must continue until
MDNR issues a NFA letter or provides written authation to terminate CAP activities.

104 NO FURTHER ACTION PROCEDURE

When the MRBCA evaluation has been performed, #aduation has been approved by
MDNR, and the approved CAP has been successfulyeimented, the tank owner or
operator may submit a request for issuance of a MEAr to MDNR The NFA request
should be a part of the CAP Completion and PerfageaVionitoring Report discussed
above and in Section 12.

Typically, the CAP Completion and Performance Monitg Report, including the NFA
request, would be the last report submitted taMBINR prior to receiving a NFA letter.
MDNR will review the report and request and issudNBA letter if all applicable
requirements have been met.
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11.0
ACTIVITY ANDUSE LIMITATION POLICY

11.1 APPLICATION OF POLICY

The activity and use limitation (AUL) policy preged below explains the circumstances
under which one or more specific AULs may or mustuubed to manage risks associated
with a site. The policy includes an explanatiorir@ various AULs that may be used to
manage risks.

Note that Section 6.9 of this document includessaussion of the reasons why an AUL
might be used.

11.2 ACTIVITY AND USE LIMITATION POLICY FOR PETROLEUM
STORAGE TANK SITES

11.2.1 Introduction

This policy has been developed, in cooperation viitlerested stakeholders, as an
integral component of Missouri’'s Risk Based CoiikectAction (MRBCA) guidance
document. This policy was developed to ensure atequrotection of human health and
the environment and to facilitate safe, cost-effectand sustainable future land use.

[Note that the applicability of the MRBCA processanvironmental emergency response
incidents and sites involving imminent threats tomlan health or the environment is
addressed at Section 1.3 of M&BCA Process for Petroleum Sorage Tanks Guidance
Manual, January 2004.]

11.2.2 De€finitions

A. Activity and Use Limitations (AULs) are legal or physical restrictions or
limitations on the use of, or access to, a sitéaoility to eliminate or minimize
potential exposures to chemicals of concern orrevgnt activities that could
interfere with the effectiveness of a responseoactiAULS ensure maintenance
of a condition of “acceptable risk” or “no signifist risk” to human health and
the environment.

B. For the purposes of this policyreasonably anticipated future use” means
“future use of a site or facility that can be pmed with a reasonably high degree
of certainty given historical use, current use, elegment or use plans, local
government planning and zoning, regional trends emmmunity acceptance.”
The actual plan shall be the primary consideratiometermining “reasonably
anticipated future use” when there is a sufficieitigh degree of certainty that
the plan will be implemented.
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C. A Deed Notice is an informational document filed in public lamdcords
(pertaining to a specific property) that alerts @my searching the records to
important information about the property.

A Deed Notice shall:

(1) Be recorded in the chain of title of the reabpgerty to which the deed
notice pertains;

(2) Be written in language a lay person can understand,;

3) Be legally precise;

4) Adequately inform interested persons of theetyponcentration, and
location of contamination left on the property;

(5) Adequately inform interested persons what ewmpospathway is a
concern;

(6) Provide information on where the environmerdata about the site is
located; and

(7) Contain a reference to, include, or descrilge'o Further Action Letter’
issued by the Department and conditions containeckin.

D. A Restrictive Covenant shall be a legally enforceable agreement includetie
chain of title to real property that subjects allure owners to the limitations of
the future use of the property. Generally, a canes a promise by the holder of
the possessory interest in property to use orirefram using the property in a
certain manner. This covenant will run with thedd

E. A tank facility is a facility that has or had one or more petnoiesiorage tanks,
as defined at Section 319.100 RSMo.

F. An underground storage tank (UST) facility is a facility that has or had one or
more petroleum underground storage tanks, as @efinS8ection 319.100 RSMo.

G. A Corrective Action Plan (CAP) encompasses all activities necessary to neanag
human health and environmental risks so that tleepat exceed acceptable risk
levels under current and reasonably anticipatagréutand use conditions. CAPs
might include, but not necessarily be limited tofrective action (remediation of
chemicals of concern via physical or chemical psees), activity and use
limitations, and monitoring.

1 US EPA, September 2000. Institutional ControlsSife Manager’s Guide to Identifying, Evaluatinglan

Selecting Institutional Controls at Superfund ar@RA Corrective Action Cleanups. OSWER. EPA 540-
F-00-005.

% Ibid. Definition based on definition of “covenant.

¥ MDNR, 2004. Missouri Risk-Based Corrective ActidnRBCA) Process for Petroleum Storage Tanks
Guidance Manual. Section 10, pg. 10-1.
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11.2.3

A.

11.2.4

Application of Policy at Operating Tank Facilities

No AUL is required at an operating UST faciliyhere a petroleum release is
cleaned up to non-residential standards.

Instead of removing or remediating the chemicalsasfcern at an operating tank
facility, the owner/operator may, as part of a Cagproved by the department,
use one or more AULSs listed in 11.2.4.D to mitigatésk.

Application of Policy at Sites That Are No Longer Operating Tank Facilities

One or more AULs may be proposed in the CAP togait the risk of exposure
to chemicals of concern. The AULs may be useddress current exposure
pathways or exposure pathways arising from theoredsy anticipated future use
of the property, as identified in the site conceptmodel (SCM). The CAP is
subject to the approval of the department.

If the current or reasonably anticipated future aofséhe property is residential, the
SCM identifies one or more exposure pathways toatddressed to allow for
residential land use, and the CAP does not incla#@anup to residential
standards, one or more AULs is required.

If the current or reasonably anticipated future wdethe property is non-
residential, the SCM identifies exposure pathwaysaf non-residential use, and
the CAP does not include cleanup to non-resideptiatricter standards, one or
more AULS is required.

To address the groundwater ingestion pathway, omsooe of the following must
be used, upon department approval, as part of §i& C

(2) a deed notice;
(2) a restrictive covenant;

3) a viable local ordinance requiring all futurevdlopments, including
residences, to utilize public water supplies, onikirly minimizing the
likelihood of a future private well being installédto the impacted
groundwater zone;

4) a substantial and reasonably durable “engingecdontrol,” such as a
highway, durable commercial building, etc., thatxpected to remain in
place and functional for at least as long as tl®dual contamination
poses an elevated risk through the identified pat(s). This option will
generally require notice to current and future owriyy means of the AUL
mechanism at D. (1) or (2) above or other meanemable to the
department;
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(5) a state regulation prohibiting installation wfells into the affected
groundwater zone;

(6) a financial assurance mechanism that will fawditional cleanup if the
land is converted to residential use or used fgrather purpose that will
or could result in a complete groundwater ingespathway. This option
requires notice to current and future owners by maeaf the AUL
mechanism at D. (1) or (2) above or other meanemable to the
department;

(7 any other method approved by the departmerg &sumes the owner of
a specific site may propose another option asqidhte CAP).

E. To address the vapor exposure pathway, one or ofotlee following must be
used, upon department approval, as part of the CAP:

(1) a deed notice;
(2) a restrictive covenant;

3) a substantial and reasonably durable “engingedontrol,” such as a
highway, durable commercial building, etc, thateigpected to remain in
place and functional for at least as long as tlsduval contamination
poses an elevated risk through the identified pat(g). This option will
generally require notice to current and future owrey means of the AUL
mechanism at D. (1) or (2) above or other mean®mable to the
department;

(4) a financial assurance mechanism which will fadditional cleanup if the
land is converted to residential use or used fgrather purpose that will
result in a complete vapor exposure pathway. ®ptn requires notice
to current and future owners by means of the AUlclmaism at D. (1) or
(2) above or other means acceptable to the depatitme

(5) any other method approved by the departmerg &sumes the owner of
a specific site may propose another option asqidhte CAP).

F. To address any other complete or potentially cotepdxposure pathway that is
identified as a result of current or reasonablycgrdted future use in the SCM,
methods similar to those listed above shall be uselbject to approval by the
department during review of the CAP.
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12.0
REPORTING

This section presents the reports that would tygichke submitted to MDNR to
document each of the MRBCA activities. In thedaling discussion, the term “narrative
report” refers to conventional, written reports asah include text, figures, tables, and
attachments. Please note that the narrative doudiescriptions below might not be
inclusive of all elements needed to fully explairets and actions at a site. Therefore,
the person preparing the report may include in ihgative sections any additional
information they believe necessary.

Note that submitting information to MDNR more thance is not necessary, except as
part of the Tier 1, 2, and 3 Risk Assessment Repag more fully discussed below. For
instance, information submitted with the Tank ClesReport need not be resubmitted as
part of a Site Characterization Report and inforamatrom the Initial Hazard Abatement
Measures Report need not be submitted as parteoCtirrective Action Plan. Many
other examples exist; however, the point is thaiviging the same information to
MDNR on more than one occasion, except as paheflier 1, 2, or 3 Risk Assessment
Reports, is not necessary.

121 TANK CLOSURE
12.1.1 Closure Notice

» Schedule: Closure schedule as requested by the owner/apgralosure
notice form must be submitted to MDNR no less tB@rmays prior to closure

* Intent of report: To notify MDNR of tank closure

* Contents: Form MO 780-2121 (01-12) available on-line at
http://dnr.mo.gov/env/hwp/tanks/ustclosure.htm

12.1.2 Closure Report

» Schedule: Within 60 days of closure

* Intent of report: To document tank closure.

* Contents:. Form MO 780-2120 (10-12) available on-line at
http://dnr.mo.gov/env/hwp/tanks/ustclosure.htm

12.2 SITE DISCOVERY
12.2.1 Release/Suspected Release Report

» Schedule: As soon as practical but no later than 24 hotidsszovery

* Intent of report: The Release/Suspected Release report is intéagedvide
MDNR with sufficient information to identify thertie, place, and source of
the release and hazards and contamination reséitingthe release.

» Contents to include, but not necessarily be limited to, the following
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(unless previoudy submitted):

o0 Identification of site (name, location, owner, cattinformation, ST and

R numbers, if applicable),

Description of release and identification of sounteelease,

0 Steps taken to confirm release and address imnechlatards,

o Site map with source of release and known extentesélting impact
identified,

o Laboratory analytical data sheets, Quality Assue&Quality Control
(QA/QC) data, and chain of custody forms (mustudenstted as received
from the laboratory),

o Documentation of release reporting,

o Explanation of need for further action, and

o Further actions planned and schedule for suchrectio

(@)

12.2.2 Initial Hazard Abatement Measures Report

» Schedule: 20 days from release confirmation, subsequerdrte@s stipulated
by MDNR
* Intent of report: The Initial Hazard Abatement Measures report Ishal
document the release and the responsible partgf®onse to the release.
» Contents to include, but not necessarily be limited to, the following
(unless previoudy submitted):
o Site identification (location, site name, ownerhi@aet information, ST
and/or R numbers (if applicable),
o Identification and description of tank systems #malr status (i.e., closed,
inactive, active),
0 An explanation of the release and actions takemdémtify and abate
hazards associated with the release,
o If applicable, laboratory analytical data sheet8/@C data, and chain of
custody forms (must be submitted as received flwriaboratory),
0 An explanation of the need for future actions (stigative, monitoring,
remedial, etc.),
Site map showing general location,
o Site map showing specific site features (e.g., samlispensers, piping,
utilities, release points, etc.),
o A discussion of planned actions and a schedulsifon actions, and
o Tables, figures, and other maps shall be includedaranted.

(@)

12.2.3 Site Check Report

» Schedule: to be performed within 7 days from suspectedasse report within
60 days of completion of site check

* Intent of report: The Site Check Report is intended to document the
responsible party’s efforts to determine whetheglease has occurred and, if
so, the actions taken to define the general extértontamination, in all
media of concern, resulting from the release.
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e Contentstoinclude, but not necessarily belimited to, the following:

o

O O oo

o

0]
0]

An explanation of the reason for, and the scopemmngose of, the Site
Check,

A narrative chronology of events resulting in thee £heck,

A map showing general site location and specifio@ang locations,

The rationale for sample locations chosen,

An explanation of the field and laboratory methoaisd procedures

utilized,

As applicable, monitoring well construction diagsaas per the examples
at 5-4(a) and (b) of Section 5.0 of this document,

Boring logs for all borings (a log must be subniittegardless of whether
the boring was converted to a monitoring well) as fhe examples at 5-
3(a) and (b) of Section 5.0,

As appropriate, maps showing isoconcentration lioesbenzene, TPH-

GRO or DRO, MTBE, and any other COCs detected ah hi
concentrations and/or over a broad area,

Laboratory analytical data sheets, QA/QC data, ehain of custody

forms (must be submitted as received from the ktiooy),

An analysis of the findings of the investigation,

A discussion of response or remedial actions talkepplicable,

A discussion of the need for subsequent actiore@tigative, monitoring,

remedial, etc.) and identification of planned attio

A schedule for future actions, and

Figures, tables, other maps, etc. shall be incladadarranted

12.2.4 System Test Report

» Schedule: to be performed within 7 days from suspectedasse report within
20 days of the test

* Intent of report: The System Test Report is intended to provide
documentation of tests conducted on a tank systemsponse to a release or
suspected release for the purpose of determiniregheh a leak exists in the
tank(s) and/or any portion of the tank system.

e Contents to include, but not necessarily be limited to, the following
(unless previoudy submitted):

o

o

O O oo

(@)

Identification of site (location, site name, owneontact information, ST
and/or R numbers (if applicable),

Identification and description of tank systems #malr status (i.e., closed,
inactive, active),

A chronology of events leading up to the syster tes

The rationale for conducting the specific typeeadttused,

A description of how the test was conducted,

An explanation of the system test results and,ppsogriate, an analysis
of the results,

A discussion of the need for subsequent testingparther actions,
Identification of planned actions and a schedutesteh actions,
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0 As appropriate, documentation of repairs made ¢otéimk system based
on the results of the system test, and
o0 Maps, figures, tables, etc. shall be included asaméed.

123 SITE CHARACTERIZATION

12.3.1 Work plansfor Site Characterization & Monitoring

» Schedule: as requested by the entity conducting the wordk approved by
MDNR or at the request of MDNR; if requested by MBNa work plan must
typically be submitted within 30 days of the reques

* Intent of work plan: Work plans for site characterization shall explai
detail how full site characterization will occuMork plans for monitoring
shall explain why and how monitoring will be contkat

» Contents to include, but not necessarily be limited to, the following
(unless previoudy submitted):

o Site Characterization Work Plan

Identification of site (location, site name, owneontact information,

ST and/or R numbers (if applicable),

Identification and description of tank systems dhédir status (i.e.,
closed, inactive, active),

Brief history of the site and any previous invesatigns,

A brief explanation of the scope and intended psepaf the proposed
work,

A description of the work planned, including fiekthd laboratory
methods and procedures to be utilized,

Site map showing general location of the site,

Site map showing specific site features (e.g.,asdepoints; tanks;
dispensers; piping; utilities; existing and prombseborings,

piezometers, monitoring wells, etc.),

Quality assurance/quality control provisions,

A schedule for implementation of the work plan authmittal of the

investigation report, and

Tables, figures, and other maps as warranted saaticluded.

o] Monltorlng Work Plan

Identification of site (location, site name, owneontact information,
ST and/or R numbers (if applicable),

Brief history of site including releases and presionvestigations and
monitoring events,

Identification and description of tank systems dhdir status (i.e.,
closed, inactive, active),

A brief explanation of the scope and intended psepof the

monitoring,

Identification of monitoring points and rationate their use,

A description of the work planned, including fie&thd laboratory
methods and procedures to be utilized,
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- Site map showing general location of the site,

- Site map showing specific site features (e.g.,asdepoints; tanks;
dispensers; piping; utilities; existing and progbseborings,
piezometers, monitoring wells, etc.; ensure boriags monitoring
wells are identified on each map),

- Quality assurance/quality control provisions,

- Tables, figures, and other maps shall be includedaranted.

12.3.2 Periodic Monitoring Reports

Characterization of a site with groundwater contation frequently entails

monitoring contaminant concentrations in groundwate a regular basis (e.g.,
monthly, quarterly, etc.) over an extended peridbdime. Such monitoring is

necessary to characterize the physical extentefgtbundwater plume, identify
potentially affected receptors, and evaluate tlenpls stability. For sites where
groundwater monitoring is occurring on a regulasik®aver an extended period of
time, groundwater monitoring reports must be sutaditsubsequent to each
monitoring event. Under the MRBCA process, MDNRBuiees that groundwater

monitoring reports include, at a minimum, the imbation specified below.

Periodic Monitoring Reports

» Schedule: As proposed by the entity conducting monitorimgl @approved by
MDNR or as stipulated by MDNR

* Intent of report: To provide recent monitoring data and, overallaliow for
the tracking of contaminant concentrations ate sit

» Contents to include, but not necessarily be limited to, the following
(unless previoudy submitted):

0]
0]

o

A brief history of the site,

An explanation of the reason for, and scope anend#d purpose of,
monitoring,

Identification of the monitoring points used anck trationale for their

selection,

A site map showing the locations of the monitonpwgnts (ensure each is
appropriately identified),

A description of monitoring conducted, includingll and laboratory
methods and procedures utilized,

If not previously submitted, or if monitoring wellsave been added
subsequent to the previous groundwater monitorgmpnt, monitoring

well installation diagrams (as per the exampldsigires 5-4(a) and (b) of
Section 5.0 of this document) and boring logs (es the examples at
Figures 5-3(a) and (b) of Section 5.0),

A site map visually depicting the direction of gnalwater flow,

As appropriate, maps showing isoconcentration lifeesbenzene, total
petroleum hydrocarbon-gasoline range organic (THROGE or diesel

range organic (DRO), methyl tert-butyl ether (MTBENd any other
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(@)

O O oo

chemicals of concern (COCSs) detected at high cdratgons and/or over
a broad area,

As appropriate, graphs showing COC concentrationgroundwater at
each well over time,

Laboratory analytical data sheets, QA/QC data, ehdin of custody
forms (must be submitted as received from the ktooy),

A discussion of the monitoring results and monitgrend point,
Recommendations or plans for future monitoring,

A schedule for future monitoring, and

Tables, figures, and other maps shall be includedaaranted.

12.3.3 Site Characterization Report

» Schedule: As per the schedule in the work plan or as satea by MDNR

* Intent of report: Site Characterization Reports shall describe @edent the
results of actions taken to define the full extehta release and document
current and future land use.

» Contents to include, but not necessarily be limited to, the following
(unless previoudy submitted):

o

0]
0]
0]

O O oo o

(@)

An explanation of the reason for, and the scopemngose of, the Site
Characterization,

A map showing general site location and specifio@ang locations,

Brief discussion of the rationale for sample logas chosen,

An explanation of the field and laboratory methcaisd procedures
utilized,

Monitoring well construction diagrams as per tharmaples at 5-4(a) and
(b) of Section 5.0 of this document,

Boring logs for all borings (a log must be subniittegardless of whether
the boring was converted to a monitoring well) as fhe examples at 5-
3(a) and (b) of Section 5.0,

As appropriate, maps showing isoconcentration lioesbenzene, TPH-

GRO or DRO, MTBE, and any other COCs detected agh hi
concentrations and/or over a broad area,

Laboratory analytical data sheets, QA/QC data, ehdin of custody

forms (must be submitted as received from the ktooy),

An explanation of any deviations from the approweutk plan,

An analysis of the findings of the investigation,

A discussion of response or remedial actions talkepplicable,

A discussion of the need for subsequent actiore@tigative, monitoring,

remedial, etc.) and identification of planned attio

A schedule for future actions, and

Figures, tables, other maps, etc. shall be incladedarranted.
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Soil Vapor M easurement Work Plan

» Schedule: As requested by the entity conducting monitoamgl approved by
MDNR or as stipulated by MDNR
* Intent of work plan: To present information pertaining to the purpasel
methods of soil vapor sampling. A work plan is meguired if soil gas
sampling is in accordance with ti@il Gas Sampling Protocol found in
Appendix C of this guidance.
» Contentstoinclude, but not necessarily belimited to, the following:
o Background information describing why soil vapor nitoring is being
proposed, focusing on potentially affected strussur
0 An explanation of how the monitoring will be contlked, including an
accounting of both field and laboratory methods prmtedures,
0 An explanation of where the monitoring will be caomieted, including
justification for the proposed soil vapor monitaipoints,
o0 A map of the site specifically showing the soil @apnonitoring points
and all relevant site features (i.e., potentiaffg@ed structures),
0 Schematics or other drawings showing the constmatif the soil vapor
monitoring points and associated sampling equipment
0 A proposed schedule for monitoring; if more thae emonitoring event is
being proposed, specify schedule for all eventd, an
0 Relevant site maps.

12.3.4 Soil Vapor Monitoring Report

» Schedule: As proposed in the work plan and agreed to by MDdRas
stipulated by MDNR

* Intent of report: The Soil Vapor Monitoring Report shall fully dooent soil
vapor monitoring activities and results.

» Contents of report to include, but not necessarily be limited to, the

following:

0 A brief site description and history (focusing ootgmtially affected
structures),

0 The purpose and scope of monitoring,

0 The location of monitoring,

o Site maps showing monitoring points and all relésite features,

o If not submitted with work plan, schematics or atdeawings illustrating

the construction of the monitoring points and sangpéquipment,

An explanation of any deviations from the approweutk plan,

Field and laboratory methods and procedures utijize

0 Laboratory analytical data sheets, QA/QC data, enadin of custody
forms (must be submitted as received from the ktooy),

0 An explanation of the monitoring results, includings appropriate,
interpretation of the results,

o Recommendations for future activities (e.g., add@i monitoring, other
investigation, remedial action, etc.),

o O
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0]
0]

Schedule of future activities, and
Other information, maps, tables, graphs, etc.,asanted.

12.4 TIERED RISK ASSESSMENT

12.4.1 Tier 1 Risk Assessment Report

» Schedule: As stipulated by MDNR

* Intent of report: The Tier 1 Risk Assessment Report is to be adstdone,
comprehensive document that presents all of thee atessary to characterize
the site and contamination and to evaluate thesrigksed by the
contamination.

Note: A Tier 1 Risk Assessment Report by itsekdeot be submitted for a site

evaluated under Tier 2. See discussion below & 2,2Tier 2 Risk Assessment

Report.

» Contentstoinclude, but not necessarily belimited to, the following:

0]
0]

O O OoOOo

(@)

A brief site history,

Information pertaining to release discovery, hazgvdtement, and initial
response,

An explanation of investigations conducted,

An explanation of the distribution of COCs in dilemted media,

All applicable boring logs and well constructiorests,

All applicable laboratory analytical data sheet8/QC data, and chain of
custody forms (must be submitted as received flwriaboratory),

A discussion of how geologic and hydrogeologic ¢oods have affected
COC distribution,

An exposure model and explanation of how the modet developed
(include both on and off-site complete and potdigtmomplete pathways),
A discussion of applicable Tier 1 standards comwadmg to the exposure
model,

A discussion of how representative COC concentnatiwere developed,
A discussion of the results of comparing site-siecepresentative COC
concentrations to applicable target levels,

Completed ecological exposure checklists,

A discussion of ecological exposure concerns aedted, if applicable,
for further evaluation of ecological exposure conee

A discussion of actions, if any, needed to move ®ivard issuance of a
No Further Action letter,

A schedule for proposed actions,

Site maps showing the site, site features, areafy] extent of
contamination, sampling and monitoring points, eunding land use,
COC isoconcentration lines, and other informatismwarranted, and
Other maps, figures, tables, graphs, diagramsastaarranted.

MRBCA Guidance Document Page 12-8 October 17, 2013



12.4.2 Tier 2 Risk Assessment Report

A Tier 2 Risk Assessment Report includes all infation collected for the Tier 1

risk assessment (and that would be submitted irITRisk Assessment Report
if evaluations stopped at Tier 1), plus the adddiodata from Tier 2 risk

assessments. Generally, if a site is evaluateé@run@r 2, only one report, the
Tier 2 Risk Assessment Report, will be submitteccdwer both the Tier 1 and
Tier 2 risk assessments.

Tier 2 Risk Assessment Report

» Schedule: As stipulated by MDNR

* Intent of report: The Tier 2 Risk Assessment Report is to be adsthone,
comprehensive document that presents all of thee atessary to characterize
the site and contamination and to evaluate thesriplosed by the
contamination in consideration of site-specific ditions. The report shall
present the findings of both the Tier 1 and TieisR assessments but shall do
so as to differentiate between the findings.

» Content of report to include, but not necessarily be limited to:

0]
0]
0]

o

Identification of Tier 2 activities,

An explanation of the purpose and scope of Tiectities,

An explanation of the field and laboratory methoaisd procedures
utilized at Tier 2,

All boring logs and well construction sheets (it poeviously submitted),
All applicable laboratory analytical data sheet8/QC data, and chain of
custody forms (must be submitted as received flwriaboratory),

If revised or not previously submitted, an exposumlel and explanation
of how the model was developed (include both on aifidite complete
and potentially complete pathways),

Discussion of applicable Tier 2 standards corredpmnto exposure
model,

A discussion of how the Tier 2 standards were dmed (e.g., fate and
transport parameters and their selection, raticioelselections, etc.),

A discussion of how representative COC concentnatigere developed,
A discussion of the results of comparing site-siie&@OC concentrations
to applicable Tier 2 target levels,

Completed ecological exposure checklists,

A discussion of ecological exposure concerns aedted, if applicable,
for further evaluation of ecological exposure caoneg

A discussion of actions, if any, needed to move ®ivard issuance of a
No Further Action letter,

A schedule for proposed actions,

Site maps showing the site, site features, areafs] extent of
contamination, sampling and monitoring points, sunding land use,
COC isoconcentration lines, and other informatismwarranted, and
Other maps, figures, tables, graphs, diagramsastaarranted.

MRBCA Guidance Document Page 12-9 October 17, 2013



12.4.3 Tier 3Work Plan

The content of a Tier 3 Work Plan is beyond thepsaaf this guidance document,
though some guidance regarding the content is geovibelow.

Tier 3Work Plan

Schedule: As stipulated by MDNR

Intent of work plan: The intent of a Tier 3 work plan is to clearlypéin
what specific activities are to be conducted at Bethe purpose of such
activities, how they will be conducted, and themtended scope. All
alternative methods and models used at Tier 3 beistiearly identified and
their use fully explained.

Contents of work plan to include, but not necessarily be limited to, the
following:

0 A brief discussion of the results of Tier 1 andsk mssessments,
Proposed activities to be conducted at Tier 3,

An explanation of the purpose, scope, and intett@fTier 3 activities,

A detailed explanation of methods and models tadwssl at Tier 3,

A schedule for conducting the proposed Tier 3 &ets;, and

Site maps necessary to identify and characterizeasid areas to which
Tier 3 activities will apply.

O OO0 O0Oo

12.4.4 Tier 3 Risk Assessment Report

Schedule: As per the schedule in the approved work plaasostipulated by

MDNR

Intent of report: The Tier 3 Risk Assessment Report must fully aledrly

explain the purpose, scope, and intent of actwitienducted at Tier 3 and

present the results of such activities.

Contentsto include, but not necessarily belimited to, the following:

0

0 An explanation of the Tier 3 activities, their pasg, scope, and intent,

o The field, office, and laboratory methods and pdores used,

o Identification and application of the methods anudels used at Tier 3 to

develop site-specific target levels,

A discussion of the exposure model and, in pariGuany modifications

made to the exposure model between Tiers 1, 23and

0 A presentation and discussion of the Tier 3 targeels that were
developed,

o All applicable laboratory analytical data sheet$/QC data, and chain of
custody forms (must be submitted as received flwriaboratory),

0 An explanation of additional data (COC data, gdutézal data, exposure
factors, physical and chemical properties of CO®gijcity data, etc.)
gathered and used at Tier 3,

(@)
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o

A discussion of the comparison of site-specific respntative COC
concentrations to Tier 3 site-specific target Is&STLS),

An explanation of the actions warranted, if anye do the comparison of
site-specific representative COC concentration¢o 3 SSTLs,

A schedule for conducting additional activities,

Site maps showing the site, site features, areafs] extent of
contamination, sampling and monitoring points, eunding land use,
COC isoconcentration lines, and other informatisnwarranted, and
Other maps, figures, tables, graphs, diagramsastawarranted.

125 CORRECTIVE ACTION PLAN (CAP)

12.5.1 Corrective Action Plan (narrative)

» Schedule: As stipulated by MDNR

* Intent of plan: The CAP is intended to explain methods to be tsextidress
excess risks posed by contaminants at a site. CRf may include one or
more of the following: corrective action, activigynd use limitations (AULS),
monitoring (performance, verification, stabilitytcg, etc.

» Contentstoinclude, but not necessarily belimited to, the following:

0]
0]
0]

o

O O OO (@)

o

A discussion of the results of the tier analysis,

Identification of the reason why corrective actismeeded,

An explanation of the purpose, scope, and intentafective action
activities,

A description of the corrective action activities ie used and how they
will be applied,

An explanation of the field and laboratory methaasl procedures to be
used,

An explanation of monitoring necessary during impéatation of the
CAP (such activities might require an additionakkvplan, see below),

An explanation of the activities necessary to destrate CAP efficacy,

A schedule for implementation of the CAP,

An explanation of the anticipated duration of cotine action activities,

A discussion of the potential need for activitiesydind those outlined in
the work plan,

An explanation of how and why implementation of @&P will result in
MDNR’s issuance of a No Further Action letter,

Site maps identifying the site, the area(s) of aombation, all relevant
sampling and monitoring points, surrounding land,snd the proposed
location and extent of corrective action activitiasd

Other information as warranted.
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12.5.2 Interim Corrective Action Work Plan (narrative)

» Schedule: As stipulated by MDNR
* Intent of Work Plan: The Interim Corrective Action Work Plan is a
component of the CAP and shall propose specificective actions to address
excessive risk posed by contamination at a sitelnégrim Corrective Action
Work Plan must be submitted when corrective astioill be conducted as
part of the overall CAP.
» Contentstoinclude, but not necessarily belimited to, the following:
o A brief history of the site, including a chronologfevents,
0 An explanation of the corrective actions proposkdw they will be
implemented, and what particular risks they arerided to address,
0 A discussion of the time needed to complete theective actions,
including a schedule covering implementation thfoagmpletion,
o0 An explanation regarding how the interim correctactions relate to the
final remedy for the site,
o If applicable, a description of monitoring necegdarevaluate the effects
of the interim actions,
o0 A site map showing the specific areas of the stavhich the interim
actions will apply, and
o Other information, maps, tables, graphs, etc. asanted.

12.5.3 Free Product Removal Work Plan

At sites where free product is discovered such, tinaaccordance with 10 CSR
26-2.075, free product removal is warranted, thporeesubmitted within 45 days
of the discovery of the free product must includleofithe information required
by 10 CSR 26-2.075. If free product removal attgi are to be conducted on an
ongoing basis, a free product removal report messubmitted to MDNR every
30 days unless a different reporting schedule igrayqed by MDNR. Free
product removal activities that are conducted tdress risks identified in the
tiered risk assessments (as opposed to those deddas part of initial hazard
abatement activities) fall under the CAP. Refeth® following for guidance on
the content of free product removal work plan agbrts.

Free Product Removal Work Plan (narrative)

» Schedule: As stipulated by MDNR

* Intent of work plan: The Free Product Removal Work Plan is a component
of the CAP and should propose one or more methmdsnbove free product
from the environment to the extent warranted togadeely address excess
risks associated with the free product.

» Contentstoinclude, but not necessarily belimited to, the following:
o A brief history of the site and the occurrencerekfproduct on the site,
0 An explanation of the methods to be used to renfi@eeproduct from the

environment and to manage free product once removed

0 As necessary, schematics or diagrams showing thy@ped free product
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recovery method or system,

An explanation of the intended scope and duratibnthe removal
activities,

A proposal for monitoring to track free product ooence and
distribution at the site,

A discussion of the proposed endpoint for remoctl/aies,

A site map identifying the extent of free produadadentifying all free
product removal points,

A schedule for free product removal activities, and

Other information, tables, graphs, maps, etc. asanted.

12.5.4 Activity and Use Limitation Work Plan

For the purposes of the MRBCA process, AULs arkedihtiated from corrective
actions to indicate that AULs are risk managemepthmanisms that have no
direct effect on COCs found at a site. Rather, Aldte mechanisms that prevent
completion of an exposure pathway or reduce thaiikod that a pathway will
become complete by providing information regardihg@ concentrations and
distribution of COCs to users of the site and/orrbgtricting certain uses or
activities that may occur at a site. Refer to ®ec6.9 and Section 11 of this
guidance for further information regarding AULS.

When AULSs are intended to serve as a means of ssldgeexcess risks posed by
contaminants at a site, an AUL Work Plan must fiost submitted to, and
approved by, MDNR, as discussed below.

Activity and Use Limitation Work Plan

» Schedule: As stipulated by MDNR

* Intent of work plan: The AUL Work Plan is a component of the CAP and i
intended to describe how AULs will be used to adslrexcess risks posed by
contaminants at a site.

» Contentstoinclude, but not necessarily belimited to, the following:

o

o

o

(@)

A brief history of the site, focusing on those agpdo which AULs will
apply,

An explanation of the specific type or types of AdJbeing proposed to
address excess risk,

Justification for the use of the AUL(S),

If AULs are one of two or more one risk managemergthods being
proposed for a site, explain what other methodgpesposed and refer to
the applicable work plan in which such methodsdiseussed,

An explanation of how the AULs will be implementadd maintained; for
a physical AUL, this includes plans showing theigiesand intended
construction of the AUL,

A schedule for implementation of the AULS,

If a legal AUL is proposed (e.g., Deed Notice, Re8ve Covenant, etc.),
a general copy of the proposed legal AUL shallrwtuided,

MRBCA Guidance Document Page 12-13 October 17, 2013



0 A site map clearly depicting that portion of théedio which the AUL(S)
will apply, and
o Other information, maps, tables, graphs, etc. asanted.

1255 CAP Performance Monitoring Plan

» Schedule: As stipulated by MDNR
* Intent of report: A CAP Performance Monitoring Plan is a comporadrthe
CAP and describes the monitoring activities neggssa determine the
effectiveness and completeness of corrective aciitinities.
e Contentstoinclude, but not necessarily belimited to, the following:
0 A site description, including a discussion of knogamtamination,
0 An explanation of the corrective action activittesbe conducted and why
performance monitoring is needed,
0 A description of the type of performance monitortondbe conducted,
0 An explanation of the field and laboratory methaaisl procedures to be
used as part of monitoring activities,
0 An explanation of the defined end point of monigyi
o |If applicable, an explanation of the defined monitg point at which
alternate actions are warranted,
0 A schedule explaining the frequency and duratioproposed monitoring
activities,
o Site maps identifying the location of monitoring ipds, areas of
contamination, relevant site features, and surrmgnidnd use, and
o Other information, maps, figures, tables, etc. aganted.

12.6 CAP COMPLETION AND PERFORMANCE MONITORING REPORT

» Schedule: As proposed in the work plan and agreed to by NRDbF as
stipulated by MDNR

* Intent of report: A CAP Completion and Performance Monitoring Repor
presents information to document the successfulpteton of all elements of
the CAP and all monitoring data collected at a gite determine the
effectiveness and completeness of corrective aettimities.

e Contentstoinclude, but not necessarily belimited to, the following:

o A description of all corrective action activitiesrnducted, the purpose of
each, and the results of implementation of each

0 A description of the monitoring activities condutiteto include their
purpose and scope,

o If different from the work plan, a description dfet field and laboratory
methods and procedures used during monitoring,

o Interpretation of the monitoring data, including assessment of whether
monitoring is complete or indicates that additioaations (investigative,
remedial, or monitoring) are needed,

o If an AUL is proposed or warranted, documentatibat tthe AUL is in
place or has otherwise been appropriately impleetentust be included
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in the report

0 Recommendations for further actions,

0 A schedule for future actions,

o All applicable laboratory analytical data sheet8/QC data, and chain of
custody forms (must be submitted as received flwriaboratory),

o Site maps needed to illustrate monitoring results,

o Other information, maps, figures, tables, etc. agranted, and

0 Arequest for issuance of a NFA letter, as appateri

12.6.1 Interim Corrective Action Report

Schedule: As stipulated by MDNR

Intent of report: An Interim Corrective Action Report is a compohehthe

CAP Completion and Performance Monitoring Reportl an intended to

document interim corrective actions and provideoiimfation regarding the

results of the actions taken.

Contentsto include, but not necessarily belimited to, the following:

0 ldentification of the site,

0 Release characterization,

0 An explanation of the interim corrective actionsidocted,

o0 An explanation of when the actions were conducted #eir purpose,

scope, and intent,

A description of the methods and procedures usemmauct the interim

actions,

0 A presentation and discussion of data collectedetermine the efficacy
of the interim actions,

o All applicable laboratory analytical data sheet8/QC data, and chain of
custody forms (must be submitted as received flwriaboratory),

0 A discussion of the effect of interim actions oe #ite as a whole,

0 ldentification of post-interim corrective actionti&dies required,

o0 Maps identifying the site, the area in which imemctions occurred, the
extent of interim actions, pre and post-interimiactsampling and
monitoring points, known extent of contaminationalth affected media
both before and after interim actions, land useosunding the site, and

o Other maps, figures, tables, graphs, diagramsastaarranted.

o

12.6.2 Free Product Removal Report

Schedule:  First report within 45 days of confirmed releaseibsequent
reports as proposed in the work plan and agreed stipulated by MDNR.
Intent of report: A Free Product Removal Report can both be a coepioof
the CAP Completion and Performance Monitoring Repad stand alone as
part of release response reporting. Either wag, réport is intended to
document the free product removal activities cotelliat a site to address
excess risks associated with the free productdastified in the tiered risk
assessments.
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e Contentstoinclude, but not necessarily belimited to, the following:

o

o

o

o

Site history, including release discovery and ahitbatement activities
(including initial free product removal activities)

A discussion of free product location and extemicluding maps

illustrating location and extent and identifyingisting and historical

monitoring points,

A discussion of the composition of the free prodiecy., gasoline, diesel,
etc.),

All applicable laboratory analytical data sheet8/QC data, and chain of
custody forms (must be submitted as received flwriaboratory),

A discussion of removal activities conducted and practicability of

further removal given consideration of all avaiabtmoval methods,

A table listing each free product removal eveng thethod of removal
used, the volume of free product removed durind)eaent, and the total
volume of free product removed (the volume of f@educt removed

should be differentiated from the total volume lafd removed),

Text describing the expected duration of free pobdacovery activities

and whether any changes have or will occur in teéhod or frequency of
free product recovery or monitoring,

A discussion of planned future removal activitiesl & corresponding
schedule, and

Other maps, figures, tables, graphs, diagramsastaarranted.

12.6.3 Activity and Use Limitations Report

» Schedule: As stipulated by MDNR

* Intent of report: This report is a component of the CAP Completzm
Performance Monitoring Report and documents thapgsed AULs are in
place.

» Contentstoinclude, but not necessarily belimited to, the following:

o

0]
0]

A site description, focusing on that portion of #it to which the AUL(S)
applies,

An explanation of the risk(s) to be managed vi&bi.(s),

Identification of the AUL(S) used, its purpose, dralw each AUL applies
to the site,

For legal AULs, documentation that the AUL has bespropriately
recorded in the property chain of title (i.e., peay deed); for pre-existing
AULs, the effective or established date of the Aldust be provided); a
copy of the AUL, as recorded and documented asrdedp must be
included in the report,

For physical AULs, documentation of the AUL’s exgiste or construction
and its effective placement or location relativehe exposure pathway(s)
to which it applies (Note: this information shdb@be conveyed via a site
map on which the location of the contaminants &edXUL(s) are shown),
If an AUL(s) is one of two or more methods usedoobe used to address
excess risk at a site, the report must includesaudsion of the other
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o

method(s) to be used and refer to the applicabh& plan or report, and
Maps, tables, figures, and other information, aravded.

12.6.4 Corrective Action Report

» Schedule: As stipulated in the work plan and agreed to bPNMR or as
stipulated by MDNR

* Intent of report: The Corrective Action Report is a component & @AP
Completion and Performance Monitoring Report that/gles documentation
of corrective actions conducted at a site to addspgcific risks identified in
the risk assessment report.

» Contentstoinclude, but not necessarily belimited to, the following:

o

0]
0]

A description of why corrective actions were watesh and each
corrective action chosen,

A description of the purpose and scope of corredtistions,

A discussion of the methods and procedures usachplementing the
corrective actions,

Efficacy monitoring or verification sampling resslt

All applicable laboratory analytical data sheet8/QC data, and chain of
custody forms (must be submitted as received flwriaboratory),

A discussion of the effect of corrective actions,

Identification of post-corrective action activitiesquired (e.g., monitoring,
further corrective action, etc.),

A schedule for conducting follow up activities,

Maps identifying the site, the area in which cotikec actions occurred,
the extent of corrective actions, pre and postemtive action sampling
and monitoring points, known extent of contaminatio all affected
media both before and after corrective action, lase surrounding the site,
and

Other information, maps, figures, tables, etc. aganted.
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A. INTRODUCTION

The procedure used to calculate Tier 1 risk-baaegkt levels (RBTLs) and Tier 2 site-
specific target levels (SSTLs) is presented in #ppendix. This procedure requires
guantitative values of:

. Target risk levels,

. Chemical-specific toxicological factors,

. Physical and chemical properties of the chemicat®ncern (COCs),
. Receptor-specific exposure factors,

. Fate and transport parameters, and

. Mathematical models.

Each of these factors is discussed below. Additipnthis appendix discusses the (i)
target levels for lead (Section B.8), and (ii) estiion of target levels when LNAPL is
present on the groundwater surface (Section B.9).

For Tier 1 risk assessments, MDNR has calculate@lRBor each of the COCs (refer to
Section 5.3.3 and Table 5-1), the receptors (refeBection 6.1.2), and the commonly
encountered routes of exposure (refer to Secti@rBBusing conservative assumptions
applicable to most Missouri sites. The resultaet T RBTLs are presented in Tables 7-
1 through 7-6(c).

For Tier 2 and Tier 3 risk assessments, the rishuawor will calculate the SSTLs using

technically justifiable site-specific data and, fber 3, pathway-specific models. For

Tier 2 risk assessments, the models used for dawgjdhe Tier 1 RBTLs must be used.

A Tier 3 risk assessment may include different ndbough the model to be used must
be approved by MDNR.

B.1 TARGET RISK LEVELS

A risk-based decision making process requires pleeication of a target risk levels for
both carcinogenic and non-carcinogenic adversdtheéfects. For carcinogenic effects,
MDNR will use anindividual excess lifetime cancer risk (IELCR) of 1 x 10° as the
target risk for both current and future receptorBor non-carcinogenic effects, the
acceptable level is a hazard quotient of one (Lxfwrent and future receptors. Due to
the limited number of COCs, additivity of risk istrconsidered.

For evaluating the ingestion of groundwater andtgqmtion of groundwater resource
pathways, Maximum Contaminant Levels (MCLs) or, reh®CLs are not available,
health advisories were used as the target contenisaat the point of exposure. For
chemicals that do not have such levels, the targetentration at the point of exposure
(POE) was estimated assuming ingestion of grouretlwamhalation of vapors from
indoor water use, and dermal contact with watereunesidential conditions.
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Potential impacts to streams and other surfacerwaddies from a release must be
evaluated and surface water quality protected aslpeCSR 20-7.031. Allowable
concentrations in surface water for COCs are pteddn Table 6-1.

B.2 QUANTITATIVETOXICITY FACTORS

Toxicity values for the COCs are presented in T&blk MDNR may update the data in
Table B-1 as new information becomes available.

Typically, the toxicity values in Table B-1 willsd be used for Tier 3 risk assessments,
although alternate values may be used at Tier 8 wttequate justification and the
approval of MDNR. Current toxicity values were aibed from theDepartmental
Missouri Risk-Based Corrective Action Technical damce(MDNR, April 2006) which
were extracted from the hierarchy of sources as'peman Health Toxicity Values in
Superfund Risk Assessments,” OSWER directive 9535.December 5, 2003.
Specifically it included:

1. Tier 1: Integrated Risk Information System (IRIS),
2. Tier 2: Provisional Peer Reviewed Toxicity ValuB®RTVS),
3. Tier 3: Miscellaneous Sources:
(1) National Center for Environmental Assessment (NCE#\)isted in USEPA'’s
Region IX Preliminary Remediation Goal (PRG) Table,
(i) California Office of Environmental Health Hazards&ssments (OEHHAS)
chemical database,
(i)  Health Effects Assessment Summary Tables (HEASTi3t&sl in USEPA’s
Region IX PRG tables, and
(iv)  Table for Texas Risk Reduction Program.

Dermal toxicity values are not available in the \abaources; therefore the dermal
toxicity values were calculated. The assumptiodentying the calculation of dermal

toxicity values is that the dermal toxicity of tbkemical is the same as the oral toxicity
values, except that a semi-permeable barrier (ki@ affects absorption. Using oral

toxicity values to calculate dermal toxicity values based on sound toxicological
principles, and in the absence of direct measuremiedermal toxicity, considered an

acceptable alternative by the USEPA. HoweverctHieulation is complicated due to the
fact that different chemicals pass through the skith different efficiencies. These

differing efficiencies are factored into the forrmelfor dermal toxicity as the term “oral

absorption factorsRAR,).”

The formulae for calculation of slope fact@H;) and reference dos®fDy) for dermal
exposure are as below:
SF

SF, =—0 1
" = RAF 1)
RfD, = RfD, x RAF, )

where,
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Sk = Slope factor for oral exposure (mg/kg-day)
RiD, = Reference dose for oral exposure (mg/kg-dagind
RAR, = Oral absorption factor (dimensionless).

The oral absorption factors are not readily avédalConservatively, a value of 1.0 was
assigned for all chemicals.

The dermal absorption factors were obtained fromRisk Assessment Guidance for
Superfund (RAGS), Volume 1. Human Health Evaluation Manual, Part E
Supplemental Guidance for Dermal Risk Assessment (USEPA, 2004). However, this
guidance does not have any recommendations fotileoteganic compounds (VOCs), or
inorganic compounds. For these compounds, theriiieo factors were obtained from
the USEPA Region Il and RAGS, Volume 1, Part A.

The parameters used for dermal contact pathwayshosvn in Table B-1 and are
discussed below:

Permeability Coefficient

For organic chemicals, the chemical-specific pebi#ya coefficients in water were
obtained from Exhibit B-3 of thRAGS Volume |, Part BJSEPA, 2004). For chemicals
not listed in Exhibit B-3, the permeability congtalk, (cm/hr), was estimated using the
following equation as per tHRAGS Volume |, Part BRJISEPA, 2004):

logK,=-2.80 + 0.66(lodK,w) — 0.0056AW 3)
where,
Kow = Octanol-water partition coefficient (dimensicsgg and
MW = Molecular weight (g/mole).

Note theMW andK,,, are presented in Table B-3.

For metals and inorganics, the permeability coeffits were obtained from Exhibit B-4
of theRAGS Volume I, Part BJSEPA, 2004). If no value is available, the peafnility
coefficient of 1 x 1G cm/hr is recommended as default value (USEPA, 2004

Relative Contribution of Permeability Coefficient

The relative contribution of permeability coeffiote for the chemicals was obtained
from Exhibit B-3 of theRAGS Volume |, Part BUSEPA, 2004). For chemicals not
listed in Exhibit B-3, the relative contribution permeability coefficientB (unitless),
was estimated using the following equation as peRAGS Volume |, Part RJSEPA,
2004):
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B=K, (4)

Lag Time

The lag times for the chemicalgyeni(hr/event), were obtained from Exhibit B-3 of the
RAGS Volume |, Part BJSEPA, 2004).

As per theRAGS Volume |, Part EUSEPA, 2004), the equation to estimai@:is
derived as below:

D
l sC — 10 £ 286- 00056MW ) (5)

sc

|2
T = sc
event
6xD,,

(6)

where,
Dse = Effective diffusion coefficient for chemical trsfier through the
stratum corneum (cfthr), and
lsc = Apparent thickness of stratum corneum (cm).

The lag time is dependent on the effective diffnsaefficient for chemical transfer
through the stratum corneum and the apparent tegkiof stratum corneum. Assuming
sc= 10% cm as a default value for the thickness of thatstn corneumzeyenecomes:

Toper = 010510 @MW " =247 (6)

event —

If B> 0.6,

=67, -2 -7 (7)

whereb andc are correlation coefficient which have been fittedhe data from Flynn,
G.L. (1990) and are expressed as below:

2 2
c:1+3B+3B andbzzxw—c.

J1+B) T

MRBCA Guidance Document Page B-5 October 17, 2013



Fraction Absorbed

The fraction absorbed for the chemicals consideveck obtained from Exhibit B-3 of
the RAGS Volume I, Part BJSEPA, 2004). For chemicals not listed in Exh&i8, the
fraction absorbed wateEA (unitless), was estimated from Exhibit A-5 of tRAGS
Volume |, Part HUSEPA, 2004).

B.3 PHYSICAL AND CHEMICAL PROPERTIES OF THE COCs

Physical and chemical properties of the COCs atediin Table B-2. These values must
be used for all MRBCA evaluations unless therejaséfiable reasons to modify these
values and MDNR concurs. The use of different @alwould be allowed only under a
Tier 3 risk assessment.

B.4 EXPOSURE FACTORS

A list of the exposure factors and their valueg thare used to develop the Tier 1 RBTL
values is presented in Table B-3. The exposur@rfaare typically estimated based on
literature rather than site-specific measuremernitfie values listed in Table B-3 are
conservative values that are exceeded by about fS8eopopulation, i.e. they are the
upper 98' percentile values. For a Tier 3 risk assessnsitet;specific exposure factor
values may be used with thorough justification MiaNR approval.

A source of exposure factor information is U.S. EPExposure Factors Handbook
Volume 1 — General Factors (August 1990ther sources of exposure factor data may
be used for Tier 3 risk assessment with approvBMBNR.

B.5 FATE AND TRANSPORT PARAMETERS

Fate and transport parameters are necessary toagstihe target levels for the indirect
routes of exposure. These factors characterizghlgsical site properties such as depth
to groundwater, soil porosity, and infiltrationeat

For a Tier 2 risk assessment, a combination ofspeific and default fate and transport
values may be used. However, the value of eacdmpeter used, whether site-specific or
default, must be justified based on site-specifanditions. Where site- specific
conditions are significantly different from the Ti& assumptions, site-specific values
should be used.

For a Tier 3 risk assessment, the specific fate @ansport parameters required to
calculate the target levels will depend on the rhaded.
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B6 MATHEMATICAL MODELS

The input parameters mentioned above are usedadnyes of models, or equations, to
calculate the risk-based target levels. Theseharéi) uptake equations and (ii) fate and
transport models. For Tier 1 and Tier 2 risk assents, MDNR has selected the models
and equations included in this appendix. Theseefsodave been programmed in the
MRBCA Computational Software and were used to dgvéhe Tier 1 RBTLs presented
in Section 7.0.

For Tier 2 risk assessments, the same equationmaddls must be used. With the prior
approval of MDNR through the submittal of a Tiew8rk plan, a different set of models
may be used for Tier 3 risk assessments.

The equations and models used for estimating Ti&BILs and Tier 2 SSTLs are
presented in Section B.10.

B.7 RISK-BASED TARGET LEVELS

The input parameters and models mentioned abovesacto calculate RBTLs for each
COC and each route of exposure. For certain C@téstarget levels developed for
groundwater may exceed the solubility of the CA@.such cases, the values shown in
Tables 7-1 through 7-6(c) are the actual calculai@des, annotated with an asterisk
indicating that the calculated values exceed shiybiSimilarly, for certain COCs and
pathways, soil target levels may exceed levels laithwthe soil is saturated by the
chemical. As with the groundwater values, in soabe, the values shown in Tables 7-1
through 7-6(c) represent the actual calculatedesaiinnotated with an asterisk indicating
that the calculated value exceeds the soil saturatialue. The saturated soil
concentrations, effective soil concentrations, @fe solubility, and effective soil vapor
concentrations are presented in Table B-5.

For both the above cases, the results can be liategoto mean that the chemical and the
pathway do not need any further evaluation and tthatsite-specific concentrations are
protective of the pathway. Further, if concentias above the solubility level in
groundwater and above the soil saturation levehaasured in a sample, the implication
is that the sample had some free product in it.

B.8 TARGET LEVELSFOR LEAD

Lead has a number of toxic effects, but the maigetafor lead toxicity is the nervous
system. Young children are especially vulneralbenfthe standpoints of both exposure
and toxicity. Certain behaviors, such as crawkmgl playing on the floor or ground,
result in increased exposure, and the central mensystem of a young child is
particularly susceptible because it is still depalg. Chronic exposure to even low
levels of lead that are not overly toxic can regulmpaired mental development.

The U.S. EPA has developed the Integrated Expddptake Biokinetic [IEUBK] Model
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to predict the risk of elevated blood lead (PbBghiidren under the age of seven that are
exposed to environmental lead from various sourdds model predicts the probability
that a child exposed to lead concentrations inexifpd media will have a PbB level
greater than 10 micrograms per deciliter (ug/dhg, level associated with adverse health
effects (EPA, 1999).

Because of the greater vulnerability of childrenei@ad exposure and toxicity, the primary
concern in a residential setting is the risk leadgs to children. In the non-residential
scenario, children are not directly exposed, buutskes carried by female workers can be
exposed. The EPA has developed an adult lead ohathgy (ALM) to assess risk in this
scenario (EPA, 1996b). The methodology is limitedterms of exposure media
(soil/dust). Specifically, the methodology estisgmthe PbB concentrations in fetuses
carried by women exposed to lead contaminated. s&iissearch is ongoing to develop a
model capable of simulating multimedia exposuresr alve entire human lifetime. Until
this model is developed, MDNR will require the wdehe IEUBK model for residential
scenarios and ALM for non-residential scenarios.

At petroleum impacted sites, use of the IEUBK o\Ato assess lead risk and determine
cleanup goals is not necessary. Based on the athgeassion, MDNR will use the
following Tier 1 levels for lead (MDNR, 2001):

Residential land use soil (direct contact with)soil 260 mg/kg
Non-residential land use soil (direct contact veitfil) 660 mg/kg

The groundwater target level where domestic usgrafindwater is a complete pathway
is 0.015 mg/L.

B.9 TARGET LEVEL CALCULATION FOR LNAPL

As discussed in Section 6.8, the MRBCA processaallor the calculation of risk and
target levels when LNAPL is present. Under thi:dibon, the primary routes of
exposure are (i) indoor inhalation for a residdmirea non-residential receptor, and, if the
domestic use of groundwater pathway is completepatentially complete, (ii) the
protection of a current or potential future poihtaposure (POE) groundwater well. For
these pathways, the key step is the calculatiorthef vapor concentration and the
dissolved concentration emanating from the LNAPQnce these concentrations have
been estimated, risk and target levels can berdated using the procedures presented in
Section B.1 to B.7 above.

Soil Vapor Concentration: The soil vapor concerdgrain equilibrium with LNAPL is
the effective soil vapor concentration. This corication depends on (i) the chemical-
specific saturated soil vapor concentration, aijdfe mole fraction of the chemical in
the LNAPL for which the soil vapor concentration bging calculated. If the mole
fraction of a COC is not known, default mole fraas, calculated using the weight
fraction of a specific COC in the LNAPL (refer toafle 5-2), may be used.
Alternatively, the evaluator may sample the LNARL faboratory analysis to determine
site-specific values for the weight and mole fraies. The specific equations used to
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calculate the effective soil vapor or effectivestilyed concentrations are presented in
Section B.10.

In the forward model of risk assessment, the dffectsoil vapor and dissolved
concentrations can be used to calculate the risk@indoor inhalation or to estimate the
concentration in the POD and POE wells. In thekbvacd mode of risk assessment, the
Tier 1 RBTLs and Tier 2 and 3 SSTLs must be contgangth the effective
concentrations. The models and equations to ke argepresented in Section B.10.
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FIGURE B.1. INDOOR INHALATION OF VAPORS
(CHILD AND ADULT RESIDENT; AND NON-RESIDENTIAL WORKER)

Carcinogenic effects where:
RBTLy = Risk-based target level in indoor air [mdfm
TRx BW x AT. x 365 TR = Target risk or the increased chance of devetppamcer over a
RBTL4 = < lifetime due to exposure to a chemical [-]
IR, xET,, x EDx EF x & THQ = Target hazard quotient for individual constitise]
BW = Body weight [kg]
_ _ AT, = Averaging time for carcinogens[year]
Non-carcinogenic effects ATpc = Averaging time for non-carcinogens|year]
IR = Indoor inhalation rate [ffhr]
_ THQxBW x AT, x365x RfD, ETn = Indoor Exposure time [hr/day]
RBTLa = _ .
IR, xET,, x ED x EF ED = Exposure duration [year]
EF = Exposure frequency [day/year]
RfD; = Chemical-specific inhalation reference dose [mgiky]
F = Chemical-specific inhalation cancer slope oepoy factor
[(mg/kg-day)
Source: RAGS, Vol. |, Part A, 1989, p. 6-44 365 = ConvertsAT, ATy in years to days [day/year]
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FIGURE B.2. OUTDOOR INHALATION OF VAPORS
(CONSTRUCTION WORKER)

Carcinogenic effects

TRx BW x AT, x 365
IR, xET,,, xEDXEF xS

RBTLa=

Non-carcinogenic effects

_ THQxBW x AT . % 365 x RfD,
RBTLao_
IR, *ET,, xEDXEF

out

Source: RAGS, Vol. |, Part A, 1989, p. 6-44

where:

RBTL a0
TR

THQ
BW
AT,
AT
I Reo
ETou
ED
EF
RfD;
S

365

Risk-based target level in outdoor air [m&/m

Target risk or the increased chance of deveippamcer over a

lifetime due to exposure to a chemical [-]

Target hazard quotient for individual constitisgr]

Body weight [kg]

Averaging time for carcinogens[year]

Averaging time for non-carcinogens[year]

Outdoor inhalation rate ftnr]

Outdoor exposure time [hr/day]

Exposure duration [year]

Exposure frequency [day/year]

Chemical-specific inhalation reference dose [gglky]

Chemical-specific inhalation cancer slope oepoy factor
[(mg/kg-day)

ConvertsAT,, AT, in years to days [day/year]
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FIGURE B.3. DERMAL CONTACT WITH CHEMICALSIN WATER
(CHILD AND ADULT RESIDENT; NON-RESIDENTIAL WORKER; AND CONSTRUCTION WORKER)

Carcinogenic effects

TRx BW x AT, x 365x 1000
S, x3A, BV, XxZxEF xED

RBTL,, =

Non-carcinogenic effects

RBTL. = JHQ* BW x AT, x 365 1000 RD,
™ SA,, XEV,, x Z X EF xED

For organic chemicals,

If tevent < T, thenZ = 2x FAx K, /arwemte«_em
V4

* t
If tevex >t , thenZ = FAx KPLT”I; + ZTW{

(+B)

For inorganic chemicalZ, = K / xt_ .,

1+ 3B + 3B?

)

where:
RBTL g

TR

THQ
BW
AT,
ATnc
SAgw
EVgw
ED
EF
RfDg
S

365
1000

= Risk-based target level for dermal contact with
groundwater [mg/L]

= Target risk or the increased chance of developamger
over a lifetime due to exposure to a chemical [-]

= Target hazard quotient for individual constitisgr]

= Body weight [kg]

= Averaging time for carcinogens[year]

= Averaging time for non-carcinogens[year]

Skin surface area available for contact with wizter]

Event frequency [event/day]

= Exposure duration [year]

= Exposure frequency [day/year]

= Chemical-specific dermal reference dose [mg/kg-da

= Chemical-specific dermal cancer slope or potéactpr
[mg/(kg-day)T*

= ConvertAT,, AT, in years to days [day/year]

= Conversion factor from cio L [cnT/L]

= Event duration [hr/event]

= Chemical-specific time to reach steady-state [hr]

= Chemical-specific dermal factor [cm/event]

= Chemical-specific dermal permeability coefficigerin/hr]

Chemical-specific fraction absorbed in watér [-

Chemical-specific lag time [hr/event]

= Chemical-specific relative contribution of perrbiidy
coefficient [-]
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logK, =-280+ 066logK,, —0.005aMW

If B<0.6 or B=0.6, thent’ = 247,

If B>0.6 then,t” =67, x(b—+b*-c?)
where,

_1+3B+3B?

~ 31+B)

2
@+B)?
71

b=2x

T o = 0.105 %10 ©005MW)

Source: Modified from RAGS, Vol. |, Part E, 2004.

where:
MW
Kow

b, c

= Molecular weight [g/mole]
= Octanol water partition coefficient [L/kg]

= Correlation coefficient which have been fittedho
data from Flynn, G.L. (1990)
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FIGURE B.4. DOMESTIC WATER USE (CHILD AND ADULT RESIDENT)
(ONLY FOR CHEMICALSWITHOUT MAXIMUM CONTAMINANT LEVELYS)

Carcinogenic effects

RBTL, = TRxBW x AT, x 365 =
ED x EF x[(SFO xIR,)+(SF x ET xK, x |Ra)+[1050xs¢\m xEV,, xzmﬂ
Non-carcinogenic effects
THQx BW x AT, . x 365
RBTLw= 1 1 BV x7
X X
EDXEF x|| —xIR, [+ xK, xETxIR, |+ A wb ™ “ub
RfD, RD, RfD, x1000

For organic chemicals,

- t
If t wo-evert < t, thenZ,, :2xFApr\/m
T

) t 1+3B+3B?

If t wo-event >t , thenZ,, = FAXK |-t o7 | =——o—

wh-event wh pl: 1+B e«ent[ (1+ B)2 J:l
For inorganic chemicalZ,,, = K Xt ...

Note: Ks = 0 for non-volatile chemicals (i.e., chemicaldshné molecular weight > 200 and Henry’s law cons{dimensionless) < 4.2
10“ or Henry’s law constant (atm3mol) <1.5 x 10).
Source: Modified from RAGS, Vol. |, Part E, 2004.

X
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where:

Risk-based target level for ingasf groundwater [mg/L-$D]
Target risk or the increased chariaeveloping cancer over a lifetime due to expeso a chemical [-]
Target hazard quotient for indiatloonstituents [-]

Body weight [kg]

Averaging time for carcinogens jyea

Averaging time for non-carcinogéyesar]

Water ingestion rate [L/day]
Indoor inhalation rate [ffhr]

Exposure duration [year]

Exposure frequency [day/year]

Volatilization factor [L/r

Exposure time [hyda

Skin surface area available for whole-body cdntdgh water [cni]
Event frequency for whole-body contact with waéstent/day]
Chemical-specific oral reference dose [mg/kg-day]
Chemical-specific inhalation reference dose [gglky]
Chemical-specific dermal reference dose [mg/kg-da
Chemical-specific oral cancer slopgotency factor [mg/(kg-day)]
Chemical-specific inhalation canslepe or potency factor [(mg/kg-daf})
Chemical-specific dermal cancer slope or potéactor [mg/(kg-day)f
ConvertsAT,, AT, in years to days [day/year]
Conversion factor from cfrio L [cnT/L]
Event duration for whole-body contact [hr/event]
Chemical-specific time to reach steady-state [hr]
Chemical-specific dermal factor for whole-bodyntart [cm/event]
Chemical-specific dermal permeability coeffici¢ein/hr]
Chemical-specific fraction absorbed in watér [-
Chemical-specific lag time [hr/event]

Chemical-specific relative contributiohpermeability coefficient [-]
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FIGURE B.5. DERMAL CONTACT WITH CHEMICALSIN SOIL
(CHILD AND ADULT RESIDENT; NON-RESIDENTIAL WORKER; AND CONSTRUCTION WORKER)

Carcinogenic effects

TRXBWxX AT X365

RBTL dess™

Non-carcinogenic effects

mETL - THQXBW X AT ,:¥365x% RD

EFx EDx §F x10 % SA,, X EV, x AFXRAF 4

“="EFx EDx10°°xSA,, X EV, X AF x RAF,

Source: Modified from RAGS, Vol. |, Part E, 2004.

where:
RBTL gess

TR

Risk-based target level for dermal contact @fsitals in
surficial soil [mg/kg]

Target risk or the increased chance of devetppamcer
over a lifetime due to exposure to a chemical [-]
Target hazard quotient for individual constitisgr]
Body weight [kg]

Averaging time for carcinogens [year]

Averaging time for non-carcinogens [year]
Exposure duration [year]

Exposure frequency [day/year]

Skin surface area available for contact with [so’]
Event frequency [event/day]

Soil to skin adherence factor [mg/eevent]
Chemical-specific dermal relative absorptiortdaé|
Dermal cancer slope factor [(mg/kg-ddy)
Chemical-specific oral reference dose [mg/kgiday
ConvertsAT,, AT, in years to days [day/year]
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FIGURE B.6. INGESTION OF CHEMICALSIN SOIL
(CHILD AND ADULT RESIDENT; NON-RESIDENTIAL WORKER; AND CONSTRUCTION WORKER)

Carcinogenic effects where:
TRXBWXAT X365
RBTLirge™ AT R
EFx EDx = x10°% IR, X RAF,
THQ
BW
AT,
Non-carcinogenic effects ATc
ED
_THQXBWXAT ,.x365x% RfD EF
RBTL, s - g
EFx EDx10 % IR, X RAF, | Reoil
RAF,
Fo
365

RBTL|ng§ =

Risk-based target level for ingestion of chetsigasurficial soil
[mg/kg]

Target risk or the increased chance of deveippamcer over a
lifetime due to exposure to a chemical [-]

Target hazard quotient for individual constitisgr]

Body weight [kg]

Averaging time for carcinogens [year]

Averaging time for non-carcinogens [year]

Exposure duration [year]

Exposure frequency [day/year]

Soil ingestion rate [mg/day]

Oral relative absorption factor [-]

Oral cancer slope factor [(mg/kg-ddly)

ConvertsAT,, AT, in years to days [day/year]
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FIGURE B.7. INHALATION OF VAPORS AND PARTICULATES OF CHEMICALSIN SOIL
(CHILD AND ADULT RESIDENT; NON-RESIDENTIAL WORKER; AND CONSTRUCTION WORKER)

Carcinogenic effects

TRXBWXAT X365
EFx EDxSFXIR X ET, X(VFss+VF,)

out

RBTL| nhss_

Non-carcinogenic effects

THQxBWx AT ,.x365x% RfD,
EF x EDx ET,,, X IRoX(VF &+ VF ;)

RBTL, =

inhss

Note: VRs= 0 for non-volatile chemicals (i.e.
chemicals with a molecular weight > 200 an(
Henry's law constant (dimensionless) < 4.2
10E-04 or Henry’s law constant (atni/mol)
<1.5 x 10E-05.

where:
RBTLinhss=

TR

THQ
BW
AT,
AT
ED
EF
IRao
ETout
i
RfD;
VF,

VFss

365 =

Risk-based target level of inhalation of chensiaa surficial soil
[mg/kg]

Target risk or the increased chance of devetppamcer over a
lifetime due to exposure to a chemical [-]

Target hazard quotient for individual constitisgr]

Body weight [kg]

Averaging time for carcinogens [year]

Averaging time for non-carcinogens [year]

Exposure duration [year]

Exposure frequency [day/year]
Outdoor inhalation rate %Mnr]
Outdoor exposure time [hr/day]

Inhalation cancer slope factor [(mg/kg-ddy)

The chemical-specific inhalation reference dosgkg-day]
Volatilization factor for particulate emissioinem surficial soil
[(mg/m’-air)/(mg/kg-soil)]

Volatilization factor for vapor emissions fromrgcial soil
[(mg/mP-air)/(mg/kg-soil)]

ConvertsAT,, AT, in years to days [day/year]

Note: The depth to surficial soil for a construction worker is up to the typical
construction depth.
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FIGURE B.8. INHALATION OF VAPORS AND PARTICULATES, DERMAL CONTACT WITH, AND INGESTION OF
CHEMICALSIN SOIL
(CHILD AND ADULT RESIDENT; NON-RESIDENTIAL WORKER; AND CONSTRUCTION WORKER)

Carcinogenic effects

TRx BW x AT, x 365
RBTL_ = ' . A c i
® " EF xEDx|(SF, x10° x IR, x RAF, )+ (SF, x10°® x SA,, x EV,, % AF x RAF, )+ (SF, x IR, X ET,,, x (VF +VF )

Non-carcinogenic effects

RBTL = THQ x BW x AT, . X365
= or  ED x| 107 X 1Ry XRAF, | 10°x SA, X EV,y, X AF X RAF, |, ETo, IR, (VF, +VF,)
RID, RID, RD,

Source: Modified from RAGS, Vol. 1, Part E, 2004

Where:
RBTLs = Risk-based target level of surficial soil [mg/kg
TR = Target risk or the increased chance of devetpgamcer over a lifetime due to exposure to a obelrf
THQ = Target hazard quotient for individual constitiser|
BW = Body weight [kg]
AT, = Averaging time for carcinogens [year]
AT = Averaging time for non-carcinogens [year]

MRBCA Guidance Document Page B-19 October 17, 2013




ED = Exposure duration [year]

EF = Exposure frequency [day/year]

| Resil = Soil ingestion rate [mg/day]

RAF, = Oral relative absorption factor [-]

A = Skin surface area [Gday]

EVgil = Event frequency [event/day]

AF = Soil to skin adherence factor [mg/iim

RAF = Dermal relative adsorption factor [-]

IRe = Outdoor inhalation rate [tnr]

ETot = Outdoor Exposure time [hr/day]

S = Oral cancer slope factor [(mg/kg-dd})

S = Inhalation cancer slope factigmg/kg-day)']

RfD, = The chemical-specific oral reference dose [maglag]

RfD; = The chemical-specific inhalation reference dJosgkg-day]

VF, = Volatilization factor for particulate emissiofiem surficial soil [(mg/mt-air)/(mg/kg-soil)]
VFs = Volatilization factor for vapor emissions fromrficial soil [(mg/n?-air)/(mg/kg-soil)]
365 = ConvertsAT,, AT, in years to days [day/year]
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FIGURE B.9. INDOOR INHALATION OF VAPORS (AGE-ADJUSTED RESIDENT)

Carcinogenic effects

TRx AT, x 365
RBTLai-ad = lRa—xS:

Non-carcinogenic effects

_ THQx AT, . x365x RfD,
RBTLai-aq) = IR,

where

— IRai—chDchchETi—c + IRai—axEDaxEFa>< ETi—a
BW. BW.

Cc a

IR, -2

Source: Modified from RAGS, Vol. |, Part B, 1991
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Where:

RBTLa.aq
TR
THQ
AT,
AT

| Rai-aa
IRaic
IR4-a
ED.
ED,
EF.
EF,
ETic
ETia
BW.
BW,
RfD;
S
365

Age-adjusted risk-based target level in inddofnag/m”]

Target risk or the increased chance of devetppamcer over a lifetime due to exposure to a abedrf

Target hazard quotient for individual constitisgA]
Averaging time for carcinogens [year]

Averaging time for non-carcinogens [year]
Age-adjusted indoor inhalation rate¥frkg]

Resident child indoor inhalation rate Y]

Resident adult indoor inhalation rate’[i]

Exposure duration for child [year]

Exposure duration for an adult [year]

Exposure frequency for a child [day/year]

Exposure frequency for an adult [day/year]

Indoor exposure time for a child [hour/day]

Indoor exposure time for an adult [hour/day]
Resident child body weight [kg]

Resident adult body weight [kg]

Chemical-specific inhalation reference dose [gglky]
Chemical-specific inhalation cancer slope fafitug/kg-day]*
Conversion factor [day/year]

MRBCA Guidance Document Page B-22

October 17, 2013




FIGURE B.10. DERMAL CONTACT WITH CHEMICALSIN WATER (AGE-ADJUSTED RESIDENT)

Carcinogenic effects

_ TRx ATcx 365x 1000
fon-d S:d X (DCW—C X Zc + DCw—a X Za)

RBTL

Non-carcinogenic effects

_ THQX AT, x 365x 1000 RID,
RBTL dow-adj = DC,..xZ.+DC, xZ,

where :

ED. xEF % xEV,
DQN.C - c c S%w—c gw-C
BW

W-a

ED, XxEF, x xEV.
DCwa — a a SA@w—a g
BW,

For organic chemicals,

* t
If teent < t,thenZ =2xFAXK lerevmtef;w
T

If t et >t , then

2
z :FApr|:]timé 1+38+38 ﬂ

2
el

For inorganic chemicale = K, xt o,

Source: Modified from RAGS, Vol. |, Part E, 2004.
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where:

BW:
BW,
ED.
EDa
EFc
EF,

Age-adjusted risk-based target level for derroatact with chemicals in groundwater [mg/L-water]
Target risk or the increased chance of devetppamcer over a lifetime due to exposure to a aterf
Target hazard quotient for individual constitisgr]
Averaging time for carcinogens [year]
Averaging time for non-carcinogens [year]
Chemical-specific dermal reference dose [mg/kg-da
Chemical-specific dermal cancer slope or potéactpr [(mg/kg-day)]
ConvertsAT,, AT, in years to days [day/year]
Conversion factor front to L [cnv/L]
Event duration [hr/event]
Chemical-specific time to reach steady-state [hr]
Chemical-specific dermal permeability coeffici¢en/hr]
Chemical-specific fraction absorbed in water [-]
Chemical-specific lag time [hr/event]
Chemical-specific relative contriloumt of permeability coefficient [-]
Child dermal contact rate with groundwater fezment/kg]
Adult dermal contact rate with groundwater feewent/kg]
Resident child event frequency [event/day]
Resident adult event frequency [event/day]
Resident child chemical-specificrdal factor [cm/event]
Resident adult chemical-specifioarfactor [cm/event]
Resident child skin surface aresilable for contact with water [cih
Resident adult skin surface areslalvle for contact with water [cih
Resident child body weight [kg]
Resident adult body weight [kg]
Resident child exposure duration [year]
Resident adult exposure duration [year]
Exposure frequency for a child [day/year]
Exposure frequency for an adult [day/year]
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FIGURE B.11. DOMESTIC WATER USE (AGE-ADJUSTED RESIDENT)
(ONLY FOR CHEMICALSWITHOUT MAXIMUM CONTAMINANT LEVELYS)

Carcinogenic effects

ETL < TRx AT, x 365

w-adj —
|:(S:o X Iva—aa) + (S:I X Kf X IRa—aa)+ (190:80x (DCWo—c X ZWo—c + DCV\/o—a X sz/o—a)]i|

Non-carcinogenic effects

THQx AT, X365

ixIR/V—aa + ! fo XIRa—aa + (DCV\b—chV\,b_c"'DCM)_aXZm_a)
RfD, RfD, RFD, x1000

RBTLw- adj = |:

where:

ED, xEF, x| ED, xEF, x|
IRN-aa: Cc Cc RN—C+ a a R/v—a

BW BW,

_ED,xEF, xET IR, _ ED, xEF, xET,xIR,,
BW BW,

IR

_EDXER XA XBVpe . _EDXER XA, xEY,,

D
e BW, and BW,
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For organic chemicals,

* t
If twb-event < t, thenZ,, =2xFAXK ,6TeventM
T

1+ 3B + 3B2 H

« t
If t wo-event >t , thenZ , = FAX K{% + Zrem( 1+ B)
+

For inorganic chemical,, = K, Xt ooy
Note:K; = 0 for non-volatile chemicals (i.e., chemicalshna molecular weight > 200 and Henry’s law cons(dimensionless) < 4.
x 10% or Henry’s law constant (atm3mol) <1.5 x 10).

Source: Modified from RAGS, Vol. |, Part E, 2004.

where:
RBTLwag = Age-adjusted risk-based target level for ingestf groundwater [mg/L-pD]
TR = Target risk or the increased chariaeveloping cancer over a lifetime due to expeso a chemical [-]
THQ = Target hazard quotient for individual constitisgr]
AT = Averaging time for carcinogens fjea
ATnc = Averaging time for non-carcinogens [year]
RfDo = Chemical-specific oral reference dose [mg/kg-day]
RfDy = Chemical-specific dermal reference dose [mg/kg-da
S = Chemical-specific oral cancer slopgotency factor [(mg/kg-day]
S = Chemical-specific inhabaticancer slope or potency factor [(mg/kg-ddy)
S = Chemical-specific dermal cancer slope or potéactor [mg/(kg-day)}
IRV-aa = Age-adjusted groundwater ingestion rate [L/kg]
IRw-c = Resident child groundwater ingestiate [L/day]
IR = Resident child inhalation rate3[hI]
IRA-a = Resident adult groundwater ingestion rate [L/day]
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IRz.a = Resident adult inhalation raté/fmi

DCubc = Child dermal whole-body contact rate with grouatv [cnf-event/kg]
DCuba = Adult dermal whole-body contact rate with grousadiev [cnf-event/kg]
BWe = Resident child body weight [kg]

BW, = Resident adult body weight [kg]

ED. = Resident child exposure duratiorafje

ET. = Resident child exposure time [hr/day]

ET, = Resident adult exposure time [hr/day]

ED, = Resident adult exposure duratioarflye

EF¢ = Exposure frequency for a child [day/year]

EF. = Exposure frequency for an adult [day/year]

K = Volatilization fact